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Britain’s widest standard range of jig 
bushes are available in sizes and types 
to meet every requirement .... and 
usually immediately from stock too. 
Plain and headed press fit, fixed and 
slip renewable types to B.S.S. 1098/ 
1953, as well as serrated types for 
moulded jigs, etc. 


Write for catalogues and wall charts... . 
free on request. 
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Mills Grooved Pins have proved themselves 
efficient and economical in over a hundred different 
types of industry, and are being used in increasing 
numbers. Made in twelve different types they 
eliminate reamering and tapping, are easy to fit, and 
will not vibrate loose. 


Please let us send you samples and catalogues 
Safe 
Simple 


Satisfactory , 











GPI2 


Twelve different 
types—hundreds of 
- applications. 


‘ial th 
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BREDBURY STEEL WORKS 


WOODLEY NEAR STOCKPORT 
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Telephone: WOODLEY 223! (10 lines) 
Telegrams: “MILLS"" PHONE WOODLEY 
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WE precicanty known as 
the Thomson. Now made 
by B.S.A. Tools Limited. 


STANDARD MODEL 












Colour coded for 
each tap size. Head 
is quickly and easily 
indexed to appropri- 
ate colour position 
for correct tap- 
driving pressure. 
















High-grade steel 
body. 

All moving parts 
precision finished. 
No intricate mech- 
anism to go wrong. 
No external pro- 
jections. 





F cach Standard or Combination 

model covers a wide range of 
standard hand taps. 

: V2" to 44" W. MTS 4 or 5 

m2: Ye to Yq W. MTS 3,4 or 5 

T3: Vig to Yo BSF. MTS2or3 3 


ll 
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When replying 


TAP BREAKAGE 
TAPPING OUTPUT 

















EQUIP WITH 


BSA HOMSON. 
Mgh Speed. 


TAPPING 


ATTACHMENTS 


peti Peak agi acl nae tise 


In the B.S.A. THOMSON a cushion of material 150 times the resiliency 
of spring-steel provides sufficient tap-driving torque for tapping and 
ample reserve elasticity to. relieve the tap of extreme stresses should 
it encounter an obstruction or the bottom of a blind hole. A quick and 
easy pre-setting of the head ensures the correct tap-driving pressure 
for any diameter irrespective of the type of material. Costly tap 
breakages are eliminated, 
time is saved and output is 
increased by the use of 
B.S.A. Thomson Tapping 
Attachments. 











FOR CAPSTAN & TURRET LATHES 


Fit directly into turret socket without sleeves or 
adaptors. Mate perfectly with other turret tools. 
For standard hand taps — Model CP2: ¥% to 1” 
W. or ANC. Model CP3:3/¢6° to 2 


COMBINATION MODEL 


Supplied with a master holder to fit the machine spindle. The 
tapping attachment can be withdrawn from the Holder while 
the spindle is running. Drilling, reaming, countersinking and 
other operations can be performed by inserting the necessary 
tool into the adaptor and loading into the Master Holder. 


* BIRMINGHAM 11 - ENGLAND 


Sole Agents Great Britain: Burton Griffiths & Co. Ltd., Small Tools Division 


Montgomery Street, Birmingham, II, Telephone: ViCtoria 2351/9 


advertisements please mention the Journal 
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It is remarkable the way 
NORTON |G BOND| WHEELS 


are boosting production rates, 














product quality and are cutting costs 
























Applied to centreless, cylindrical. internal and segmental 
grinding Norton products with G Bond are doing a mag- 
nificent job of work for British Industry. Referring to a 
cylindiical grinding operation one user has reported a 
35%, increase in production rate with improved finish as 
well! Another tells of a centreless operation which gave 
800 pieces per dressing with a G Bond wheel against 500 
with a previous wheel, 50°,, more wheel life and better 
finish and it was found the shoulder held up better. 
These are not isolated cases, and the reason is that 
Norton G Bond is undoubtedly the most efficient vitrified 
bond ever developed. It is setting new standards and 
lowering costs everywhere. The qualities of G Bond are 


cooler cutting action ... faster stock removal . . . better 
finish ... more pieces per dressing .. . longer wheel life... 
easier dressing ... easier on the diamond... 


Everybody seems to agree about the cost cutting quali- 
ties of G Bond—they only vary as to degree. Are you 
cutting costs with Norton G Bond? See your Norton or 
Alfred Herbert Representative, or write to us. 


NORTON ABRASIVES 
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and the co . 


As members of a va 


community, we are 





dependant on one another. 
Our whole organisation is 
based on this simple fact. 
The renowned M & C 
Sales and Technical service is 
our contribution to the 
urgent day-to-day needs 


of British Industry. 





Monks & Crane 


BRITAIN'S 
FOREMOST 


DISTRIBUTORS 


SM/MC 2/77 
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Permitting rapid interchanging of inductors and instantaneous positioning 
of its four-station work support head, this new Birlec induction heating 
machine can be tooled for a number of varied jobs without individual time 
wasting re-adjustment. Equipped with a power traversed heating head, 

the machine can perform in quick succession a wide variety of single shot or 
progressive heating operations including hardening, brazing, and soldering. 
One typical installation hardens 24 different gear box components. 


Birlec publication number 140 gives further information. 


T.imited 


Member of the A.E.1. Group of Companies 
ERDINGTON : BIRMINGHAM 24 


LONDON - SHEFFIELD GLASGOW - NEWCASTLE-ON-TYNE 
$m/b281615 













a really 


top quality 





motor 







LOWER MOTOR COSTS 


It means a greater permitted output for a 

given frame size—a smaller motor costs less 

in materials alone. This, plus Newman j 
streamlined production methods, adds upto — 
Built to the Draft a worthwhile slice off the selling price. 2 


BRITISH STANDARD CW (ELE) 6246 MORE COMPACT MOTORS 






—Incorporating CLASS ‘E’ INSULATION Looked at the other way itmeansasmaller — 
frame for a given horsepower—not only costs — 
2 less but takes up less space—altogether a 
wh at this means to you lighter, more compact, more economical 
power source. 










INTERCHANGEABILITY 


Draft BS CW (ELE) 6246 standardises the 
dimensions of ventilated enclosure three- 
phase motors—for the first time complete 
interchangeability for drip-proof mators. 
















up to the minute design 
incorporating the latest 
CLASS ‘E’ INSULATION AND 
STANDARDISED DIMENSIONS 











Prompted by the increasing need among equipment manufacturers 

for a reliable source of power for the many thousands of applications 
where drip-proof enclosure is adequate but size and low initial cost 

are vital factors, Newman engineers looked ahead to this day. 
Their aim was to design and produce an entirely new range of drip- 
proof motors of high efficiency and utmost reliability and 
compactness at a really low cost. Not only have they achieved 
this but they are also right up to the minute in taking advantage of the 


new insulation techniques and standardised dimensions—leaders again! 


if it is part of your job to KNOW about motors you should 
SEND TODAY FOR FULL DETAILS 


NT MC! ANT DMNIKT NYG we ABW PT? ee Oe 











COMPACT 
EFFICIENT 
RELIABLE 
LOW COST 


SEND TODAY FOR 
DATA SHEET AD 101 
which gives full details 

of this new motor 


design 


performance 


BUILT TO DRAFT BS OW (ELE) 6246 
WITH CLASS ‘E’ INSULATION 


economy 


NEWMAN INDUSTRIES LTD., YATE, BRISTOL 
TELEPHONE: CHIPPING SODBURY 331 





RANGE OF OPEN FRONT PRESSES 
~l Oe ei elem ce), b 





quate FKLY-WHEEL 
NERGY, _ through 
surately generated gear- 
me is available for 
ombination cutting and 
fr wing, forming, ete. 


(CLUTCH designed to 
igbviate repeat strokes on 
single stroke setting (can 
be serviced without fly- 
theel removal). 


M sive CRANKSHAFT 

of alloy steel, running in 

heavy duty bearings. 
These are a few of 
ihe many outstand- 
ing features of the 


MODEL OP 
ONE SHOT LUBRICATION H.M.E. PRESSES. 


Write now for 
complete catalogue. 


BEARINGS ANGLED 
for greater strength, the 
major load being taken 
by the solid frame. 


FRAME of _ extremely 
‘tigid construction, re- 
quiring no tie-bars. 


) Massive BOLSTER 
‘PLATE with machined 
fee-slots and inserted 
‘tings, caters for a wide 
Variety of tools. 
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NOW... 


Latest American production techniques are 


available at Rack Engineering Limited’s 
Slough, England plant. Our American 


engineers on regular visits bring us new- 
est developments as they are tested and 
proved-in-service in major American fac- 
tories. 

Rack engineers have many of the an- 
swers to your problems of correct utiliza- 
tion of manufacturing space — how to 
increase worker’s output — to decrease 


damage to work in progress. Many of 


England’s largest plants use our services. 
Since 1947, we have worked with British 
industry in reducing costs — with adequate 
justification for necessary expenditures. 

Write or telephone today. Our engin- 
eers will be glad to work with you. 


Made in England since 1947 


ENGINEERING (clad 


9 Camomile Street London E.C. 3, England 


Fabricating and Assembly Plants SLOUGH, ENG. * CONNELLSVILLE, PA. and GARDENA, CAL., U. S. A. * FARNHAM, QUE., CANADA 


When replying to advertisements please mention the Journal 
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Continuous milling 
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2S 


per Component 
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cuts floor to floor time 


Milling flange faces of petrol pump bodies at the Dunstable works of AC-Delco Ltd. 
Material—die-cast alloy, number on table—I2. Time allowance—3 secs. 


Production milling time on many different com- 
ponents can te cut considerably with this versatile 
Model 2VR continuous vertical miller, with first- 
class finish and without strain on the operator. 
Continuous milling cuts the unproductive wasie 


out of floor-to-floor times. No time is lost in 


traversing or loading and unloading. The 2VR is 


milling all the time. 

Write for a new leaflet showing how we have 
approached many typical cases. Let us see if 
we can do any of your jobs faster and better by 


continuous milling. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22, Ash Street, Leicester. 


Telephone: Leicester 24154/5/6. Telegrams & Cables: Adcock Leicester. 











EUROPE S LARGEST MALLEABLE PRODUCERS 








- Pastability rs rength 


 Theré i is a considerably increased freedom of desi when Ley’s 
malleable castings are to be used. y § 

The metal can be cast into practically any desired fd rm and yet 
retain its great strength and rigidity, together ‘with its free- 
machining qualities. 

Shown above is the steering gear box of a heavy commercial 
vehicle, cast in Ley’s ‘Black Heart’ malleable; note the rigidity 
of mounting contributed by the integral bracket, attached to the 
chassis on two faces. 

Ley’s ‘Lepaz’ pearlitic malleable also has valuable applications; it 
has a still higher tensile strength and can be selectively hardened. 


LEY’S MALLEABLE CASTINGS CO. LTD., DERBY 
Telephone: Derby 45671 
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The best cutters at 


SPIRAL 
SIDE AND FACE 
CUTTERS 








Cutting time 
means 
economy... 


Clarkson Spiral Side and Face 
Cutters operate at higher speeds than standard 
cutters. One customer claims to have reduced 
his machining time from 45 minutes to 27 


minutes, cutting a nickel chrome steel. 





Clarkson 


P , NUNEATON Head Office and Works Nuneaton 2261 
Another typical : NEWCASTLE 24! Westgate Road, | NEWcastle 2-5248 
side and face BIRMINGHAM 15 Heath Mill Lane, 9 Victoria 3994 
S " LONDON 124 Hammersmith Road, W.6 = RIiVerside 8241 
MANCHESTER 98 Oxford Road, 13 ARDwick 4804 
BRISTOL 17 Cumberland Street, 2 Bristol 8464 
BELFAST 32 Shaftesbury Square 
GLASGOW 430 Crown Street, C.5 SOUth 1942 


cutting operation. 
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NEWALL —— 2 : | 
JIG BORERS — a t : , 
ORE HOLES PER HOUR 


AUTOMATIC POSITIONING JIG BOR 
The world’s first fully automatic 

Jig Borer with Punched card gs 

for setting co-ordinates. 


ystem 
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= ING 48 
TRIC SCALE READINY 
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OPTICAL JIG BORER 


Production Jig Borer in 
optical system 


with exclusive 


cofporating 
of table location 
Pfe-setting and 
zeroing features. 





NEWALL GROUP SALES LTD 
SS TERBOROUGH ENGLAND 
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ARGONARC welding ARGON FROM 


8 x s 
for precision and quality BRITISH OXYGEN 
Intricate welding of the highest quality is essential to the Aircraft BRITISH OXYGEN has 
Industry. The Argonarc range of torches is being used increasingly ae iemeiee semis 
pee , established the maximum 
as more intricate welds are demanded and new metals are intro- traceimpurities permissible 
duced. Argonarc gives little or no distortion and produces the in argon for any welding 
highest quality welds—free from porosity. Its gas shield eliminates application. ALL ARGON 
the use of flux and the necessity for post-weld cleaning. supplied by BRITISH 
Here an exhaust annulus for an Olympus engine is being welded OXYGEN contains less 
by the Argonarc process at the works of Briggs Motor Bodies Ltd., them theese mani ane % 
Southampton. Welding is used on the eight ing fairi pepe below a Degen 
. ght securing fairings and GAS WELDING PRO- 


the outer ring. CESSES. 


: Photograph by courtesy of the Bristol Aero-Engines Ltd. 
i 


p=3- 8 & Ww C_) - GE o>. @ Ges -)~ I 


British Oxygen Gases Ltd, Industrial Diviston, Bridgewater House, St. James's, London, S.W.1 
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Dyson’s for laboratory 
controlled DIECASTINGS 


In addition to B.S.I. control of Zinc Alloy 


B.S. 1004 Die Castings produced by us—all our pro- 
duction in other metals is subjected to 


A.R.B. A.I.D. 
strict quality control by our laboratory. 


LICENSED UNDER THE Bs.|. !n spite of the high standard imposed our 
CERTIHED ZINC SCHEME — prices are competitive. 


DYSON & CO., ENFIELD (1919) LTD., SOUTHBURY WORKS, PONDERS END, MIDDLESEX. TEL: HOWARD 1484 
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means automation by compressed air. And it means production up and costs down! Some examples 
of AIRMATION are shown where MAXAM control valves, cylinders etc., are used for moving, 
clamping and sequence control on special purpose machines designed and made by PACERA 
(W. J. Meddings Ltd.), by whose kind permission the illustrations appear. Can our Technical Staff 
help you with AIRMATION? 





‘> Above right; A machine for drilling 16 holes in a 54 in. x 
52 in. component. 8 heads at 12 in. centres operate 
simultaneously. Component is automatically moved to 
next station and the operation repeated, leaving 16 holes 
at 6 in. centres. Floor to floor time 47 seconds; pre- 
viously, the operation required 15 mins. 10 secs. 


\“) Above left; Progressive drilling followed by tapping ona 
special Hammer Head. Three operations performed 
simultaneously and in sequence with automatic table 
indexing. Floor to floor time 33 seconds; previously, 
the operation required 2 mins. 15 secs. 


© Below left; A machine for drilling 18 holes in a 54 in. x 
52 in. component. Firstly 8 heads directly opposed at 
6 in. centres operate simultaneously. The component is 
rotated through 90 deg. when 10 heads again operate 
to complete. Floor to floor time 47 seconds; previously, 
the operation required 15 mins. 10 secs. 





AIRMATION BY 


Airmation means automation by compressed air and is a Registered Trade Mark. 


THE CLIMAX ROCK DRILL AND ENGINEERING WORKS LTD., Carn Brea, Redruth, Cornwall 
London Office: 4 Broad Street Place, London, E.C.2. 


Branches and subsidiaries :— 


Climax Engineering (Canada) Ltd., 359, Youville Square, Montreal, Canada. Climax Rock Drill & Equipment Co. ag ) 4, Ltd., 547, eC Road, Hawthorn, E.2, (P.O. Box 39, 
Hawthorn), Melbourne, Australia. Climax Rock Drill and Engineering Works Ltd., Sauer Street Extension, P.O. Box 6, Johannesburg, Africa. Climax Rock Drills (India) Ltd., 
Candy House, 22, Merewether Road, Bombay, |, India. REPRESENTATIVES AND AGENTS THROUGHOUT THE WORLD 
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C OMB a gal FO RB Super hydraulic efficiency in an almost unlimited field of 


applications is ensured with Fraser Deri-Sine Hydraulic Motors 
and Pumps 
S$ UPER Straight line flow is an outstanding characteristic of Deri-Sine 
Pumps. Constant and full-load starting torque is a feature of the 


Motor. Smooth vibrationless operation is a quality common to both 
q ; 


Deri-Sine Pumps and Motors bring trouble-free operation and highly 
efficient service to every application 


for efficiency fit 


FRASER DERI-SINE 


HYDRAULIC PUMPS AND MoTORS 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SWI 





PHONE VICTORIA 6736-9 
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Electronic Machine Tool Control 
provides the complete answer. a0 


Reduces Production hold-ups 
caused by shortage of 
skilled craftsmen 







T TO FINISHED -PRODEE 


“nal gomputer 222° ii: 2, 





™ O64. ‘ile 





EXCLUSIVE FEATURES OF 
THE E.M.I. EQUIPMENT 


* Complicated profiles 
cut in one operation direct from 
dimensional information. 













* The equipment is completely self- 
contained and does not need a computer 
or computer service. 







* Cutter diameter compensation unit 
available, allowing different size cutters 
to be used with the same Punched Tape! 







*x Systems available for 2 or 3 
dimensional control! 







For th 11S please apply to:— 
E. M. I. ELECTRONICS LTD 
Machine Tool Control Division 

HAYES, MIDDLESEX, ENGLAND 






When replying to advertisements please mention the Journal 
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If your business requires the boring and turning of medium to large castings and forgings 
or similar components, and you do not use Webster and Bennett Boring Mills, it’s highly 
probable your competitors do. 


In that case, theyll be getting the benefit of lower overheads, because on the bases of 
capital costs and running costs there are no other machines quite as economical. 


Powered for carbide tooling and high metal removal rates; centralised hydraulic controls 
for operating convenience; easy reservicing when necessary assisted 
by unit construction; self-compensating clutches obviating frequent 
adjustment for wear, are some of the outstanding features of these 
machines. 










Add to this the fact that they are probably the most reasonably 
priced machines of their kind, and the reasons for their increasing 
demand become clear. 









OU UUVi Vi ViCi aa 4 Vi Wi Wi a * Wu Gg WU GOs UU 
% Y (2 ¢ Ua 
+ GY r a : Y 
% The illustration shows one of the battery _ : Uh 
\ «of Webster and Bennett Boring Mills Uh 
installed in the London Works of Ws 
Dewrance & Co. Ltd., facing, turning, W 
4 boring and screwing 5” valve bodies in U, 
& a floor to floor time of 66 minutes. W 

Wi 
Wi ' 4 Uh 
CZUUUUUGABUBUAAGDEGUGDGAGUGAAUAUGZ "ah 





WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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TWO SIZES... FOUR FACES ... 
... IN 30 SECONDS! 


... that is the phenomenal production rate achieved 
_ by the STANDARD MOTOR CO. LTD., 
COVENTRY, on the grinding of the large and 
small ends of connecting rods, as shown. Stock re- 
moval from each face is up to 0.080”, and uniform- 


ity of size on each pair of faces is held within 0.001”, 


The infeed method of grinding used here gives 
considerably increased life to the grinding wheel, 
compared with plunge cutting between fixed 


wheels. 






FOR HIGHEST PRODUCTION IN FLAT GRINDING 


The Duplex method of surface grinding 
is applicable to very many ferrous and 
non-ferrous components, ceramics, 
bonded asbestos, products, etc. 


OUTPUT CAN BE INCREASED BY OVER 
100°, ON A ROWLAND DUPLEX 
SURFACE GRINDER. ee 
Send us your problem. ee oe ee mat ha & 
F. E. ROWLAND & COMPANY LTD., CLIMAX WORKS, REDDISH, NR. STOCKPORT 
’Phone: Heaton Moor 3021! ’Grams: Heroic 
SOLE EXPORT AGENTS: DRUMMOND ASQUITH (SALES) LTD. HALIFAX HOUSE, STRAND, LONDON, W.C.2, PHONE: TRAFALGAR 7224 






When retlying to advertisements please mention the Journal 
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because the conventional gauge system 
Measured 


of measurement is unable to guarantee 


continuously accurate inspection. 





because the precision of reference 
gauges is impaired by frequent use. 


Delivered 


because reference gauges 
must be restandardised before production can 


eee Ener ue 


proceed. 


BUT | 


SIP Measuring Machines enhance the quality 





and 
THEN 


and rate of engineering production, 
reduce waste and cut costs by 

making the reference gauge redundant. 
Embodying a Standard Scale, 

they provide a permanent master 
against which the dimensions of 

7 inspection gauges can be checked. 
Rejected They resist wear, speed inspection of 

machined parts and, over short runs, 
eliminate the need for inspection gauges. 





The accuracy of SIP Measuring Machines 
is such that interchangeability of 
parts becomes virtually assured. 





ee ee ee 
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The Standard Scale is graduated on the same machine and with the 
same great precision as are the fundamental length prototypes 
supplied by SIP to the National Physical Laboratory (Teddington): the 
International Office of Weights and Measures (Sévres) and the 
National Bureau of Standards (Washington). It is the basis of all 
measuring instruments manufactured by Société Genevoise 


Type MUL-1000 
Linear capacity 1 metre 


Guaranteed measuring accuracy: 


up to 4” ies +» 0-00002” max. error 
up to 20” tre + 0-00004”__,, re 
up to 40” ss ee §6=—0000006"_—sé=~»= + 


This machine measures lengths up to 40’; 
inspects the elements of threads up to 5” in 
diameter; checks tapers and solids of revolu- 
tion. It is able to measure in rectangular 
co-ordinates. It possesses micrometer and 
goniometric microscopes; readings are easily 
and speedily taken. 

The Universal Measuring Machine is used to 
measure flat and spherical-ended standards, 
cylindrical and screw gauges, ring and snap 
gauges, contour gauges and many standard 
workpieces. Accessories enable the Machine 
to be adapted to other requirements. 


Measuring Machines by 


d’Instruments de Physique and provides absolute measurements. 











robust... versatile ...easy to operate 


The MUL-1000 is one of several Measuring 
Machines in the manufacturing programme 
of Société Genevoise d’Instruments de Phy- 
sique which also includes: 
MUL-3000 and MUL-4000 Universal Mea- 
suring Machines of 3 and 4 metre linear 
capacity. 
MUL-250 Shop Gauge Measuring Machine. 
MU-214B Three Co-ordinate Universal 
Measuring Machine. 


Detailed information about the scope of these 
unique machines is available free on request 
from Societe Genevoise Ltd., 5/6 Brettenham 
House, Lancaster Place, London W.C.2. 
Telephone: Temple Bar 2126 
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Paterson Hughes mechanical handling equipment 
provides a complete system for smoother, quicker Hughes are conversant with th 
production. Nearly 30 years’ experience in handling every industry: This knowledge: combined with their 
goods and materials of all types has resulted in long experience in this specialist field and the closest 
the design and manufacture of the most efficient possible collaboration with the clientat all stages» Pro 
handling equipment in service today. ee ne 
quirements is vital superb, modern equipment in the best possible way: 


Thorough knowledge of precise © 


PATERS ON HUGHE 
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EERING COMPANY LIMIT 
D 





A lS ton 
Overhea 
dc 
rane and three 5 tons 
emi-Goliath 
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Saves time on jobs which can’t be brought to the bench... 
clips minutes off production schedules . . . tackles more 

work without fatigue. That’s the B & D Portable Grinder. 
Efficient, easy to handle, these grinders cover a bewildering variety of jobs — 
grinding or cutting off bolts and rivets; smoothing welded surfaces and, 
with the wire wheel brush, scaling, removing old paint, de-rusting 
and finishing. Only one of the wide range of 
Black & Decker tools, including Saws, 


Sanders, Bench Grinders, Drills and Polishers, 


QUICKER AND BETTER WITH 


5” AND 6” PORTABLE GRINDERS 


Shaped hand-grips prevent tool 
turning in operator’s hands. Wheel 
guards can be adjusted toany position. 
Horizontal switch handles improve 
balance and handling. 





PORTABLE ELECTRIC TOOLS 


BLACK & DECKER LIMITED: HARMONDSWORTH=: MIDDLESEX 


When replying to advertisements please mention the Journal 








The Institution of Production Engineers Journal 





















RAWELBOLTS 


coal 


NO COLD CHISELLING! 
NO GROUTING IN! 
NO WAITING for cement to harden! | | 


FOR SPEED. If you grout in ragbolts for 
fixing a machine you have to wait at least 
3 days before this machine can be put into 
production. If, on the other hand, you | 
use Rawlbolts the machine can be put | 

into production in much less than 3 hours. 
Quite apart from this you can move 
the machine to another position without | 
causing damage to the floor should this 
subsequently be proved desirable. 


TR, 








FOR STRENGTH. Rawlbolts have earned 
a sterling reputation for strength and 
reliability throughout the world—they 
are used by the million every month. 
Rawlbolts grip by expansion—their | 
strength as a fixing is based on the | 
enormous compressive strength of con- 

crete itself. There are 2 types—as 
illustrated—loose bolt type shown on 

left and bolt projecting type on right. | 7 














Write now for the latest Rawlplug literature © : 
and chart on Rawlbolts and many other time- 
saving fixing devices. 
AWLP | 
RAWLBPLL | 








TOOLS THAT SAVE TIME. For hole- really tough, long-lasting tools, design- 
boring there’s a big range of high ed by the world’s leading specialists 
efficiency Rawlplug tools for use by in fixing methods for maximum 
hand, electric or air power. All are performance and maximum economy. MANUFACTURERS OF FIXING DEVICES 






THE WORLD’S LARGEST 






B 546 


THE RAWLPLUG COMPANY LIMITED, CROMWELL ROAD, LONDON, S.W.7 
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WERNER size; 


Vertical Milling Machine 














This swivel head machine 
now fitted with fine 
feed hand wheel, scale 
and Verniers for all 


Teen 


three directions is 
particularly suitable for 


MOULD & DIE MAKING 





These features 
: are also provided 
) on the WERNER 

Size 4 Vertical 

Milling Machine 


Ask for detailed leaflet 


ROCKWELL 


Vr Wo Gee Wot ee eee ee WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0055 








ALSO AT BIRMINGHAM-—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
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lift... 


..- roll, dislodge, clean, sort, shelve, clamp and feed 
parts. Hymatic Automation is thus invaluable in the auto- 
matic and selective transfer of parts from one process to the 
next, from conveyor to conveyor; in unloading one machine 
and loading the next; or in quick clamping to hold parts 
during machining. All designs of Hymatic Automation are 
made for specific tasks but are readily adaptable to others. 

Hymatic Automation covers the whole problem—the de- 


sign of the circuit—the machine—the means of control. 











se 


THE HYMATIC ENGINEERING CO. LTD* DEPT, HA.84 * REDDITCH - 


ee 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 


are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automatio: 
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LINCOLN ELECTRIC SERVES 
THE INDUSTRY OF THE WORLD 


‘Quality welded 
| with 
MULTIWELD 0.V. 


at Wilmot Breeden Limited, Birmingham 

































Multiweld O.V. Electrodes being used for arc-welding 
bumper brackets. 

work. Multiweld O.V. conforms to B.S.S. 639 Class 
A, Lloyd’s Register of Shipping, Ministry of Transport 
and Civil Aviation. 

Multiweld O.V. outstanding characteristics are: 

Very stable arc—Ease of striking arc—Excellent finish 
of the bead— Very low spatter loss— Exceptionally easy 
slag removal— High quality weld metal— Exceptionally 
high deposition rate— Multiweld O.V. is generally easier 
to use than any similar electrode. 

Multiweld O.V. is packed in the following sizes: 3, }, 
do, fs, 4 and ;. Like all Lincoln Electrodes Multiweld 
O.V. comes to you in sealed moisture-proof and airtight 
metal containers which keeps them absolutely dry. 





In the production arc-welding booths, operators are using 
Multiweld O.V. Electrodes to weld brackets into ‘deep 
drawing’ steel over-rider shells, 

MULTIWELD O.V. is a mild steel electrode with a heavy 
extruded coating designed especially for use with AC 
but working equally well on DC. Multiweld O.V. is for 
use in all positions and is excellent as a touchweld 
electrode for vertically upward fillets. Made in 6 
sizes, the larger sizes are used downhand on heavy 





i 


MULTIWELD 0.V.” 


UW) Wy if 
British made ‘i 
by 





yf Multiweld O.V. Electrodes and a Lincoln arc-welding 
/ generator being used for welding 18/8 stainless steel steering 


wheel spokes to the steel rims. 


Largest manufacturers of D.C. Welders in the United Kingdom 





LINCOLN ELECTRIC CO LTD WELWYN GARDEN CITY HERTS - WELWYN GARDEN 920 


Fels 
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The New Besco Production ALL STEEL 
MOTORISED FOLDING MACHINE. 


Will handle a wide range of intricate operations 
with extreme accuracy. Provision for TRUE 
RADIUS BENDS and NARROW RETURN 
BENDING. 

















FABRICATED FROM HEAVY STEEL 
PLATE, WELL RIBBED AND BRACED 
FOR STRENGTH AND RIGIDITY — 
VIRTUALLY UNBREAKABLE ! ALL 
CASTINGS CARRYING FRONT FOLDING 
BEAM AND TOP BEAM OF HIGH- 
GRADE STEEL. 









Scales fitted to front beam ensure 
quick and accurate setting, and 
adjustable back gauges cover 
repetition work. Drive from enclosed 
squirrel cage reversing motor gives 
a smooth equal lift. Gears and 
drive completely enclosed under 
bed of machine. Operated from a 
floor-mounted remote control panel 








with “stop”, “start’’ and “reverse” 

push-buttons. Magnetic brake ALL STEEL 
ensures positive control. Fitted construction— 
with replaceable bronze bearings. UNBREAKABLE ! 


NOTE : All Steel Folding Machines for hand operation 
are also available from 3ft. to |Oft. capacity. 


+—— forms shapes like these 





DESIGNED AND BUILT BY. . : 5 ae 
org | IN 5 SIZES covering mild steel sheets from 73 inches to 121 inches long 
and 14 and 16 gauge thick. 
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The Ferranti Pegasus Computer is a 
new high-speed general-purpose elec- 
tronic digital computer of exceptional 
versatility. It is particularly suited to 
the calculations arising in the Aircraft 
and Engineering Industries. One of its 
principal features is the exceptionally 
wide range of operations which can be 
performed, making it much simpler to 
‘“‘programme”’ than most machines of 
its type. 








For full information on Pegasus write to 
Ferranti Ltd., Computer Department, 
West Gorton, Manchester 12 or London 
Computer Centre, 21 Portland Place, 
London W.1. 


The Ferranti Pegasus Computer 
installed at the London Computer 
@ Centre, 21 Portland Place, W.1. 
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Heard 0 


Time & Motion Magnesium? 


Time saved in the machine shop... 

movement accelerated right along 

the production line — these are the facts 

of workshop experience with Magnesium Elektron alloys. 
The lightest of all structural metals, Magnesium Elektron alloys - 


machine ten times faster than steel, twice as fast as aluminium alloys — 
speed the progress of production jobs through the machine shop 


reduce both the amount of electrical power and the number 
of man hours required to complete a job 


subject tools to much less operational wear 

bring with them the backing of a firm with more than 

twenty-one years’ experience of magnesium technology. 
Time and motion magnesium is, in fact, the metal which puts strength and 
lightness into the part, and ‘‘go’’ into the making of it... the metal 
which is fabricated, developed and serviced by Magnesium Elektron Limited. 


agnesium lektron 
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(4) MERITS OF THE GNAT 


Production 


The Gnat’s small size, the simplicity of its structures and services, and the 
extensive use of pressed and formed light-alloy sheet overcome many of 
the difficulties met with in the production of modern conventional fighters. 
Forgings and castings are few, and the simple hydraulic, electrical and 
other services make it possible for sub-assemblies to be fully completed 
before final assembly. 


A typical example of Gnat construction is the wing. This is built in one 
piece; has a symmetrical section so that many components are inter- 
changeable between port and starboard; has no cut-outs for guns, fuel 
tanks and undercarriages and, being secured to the fuselage by bolts at 
only four main points can, if necessary, be fitted shortly before flight. 
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IN MAN-HOURS, IN THE NUMBER OF JIGS AND TOOLS, AND 
IN FLOOR SPACE THE GNAT’S PRODUCTION NEEDS ARE BUT A 
THIRD TO A QUARTER THOSE OF THE CONVENTIONAL FIGHTER. 
THE DEMAND ON SKILLED LABOUR IS SMALL AND THIS, WITH TI 
ITS OTHER ADVANTAGES, MAKES THE GNAT SUITABLE FOR TI 
MANUFACTURE IN ANY FACTORY EQUIPPED WITH STANDARD : 
MACHINE TOOLS. ry 
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WHERE THE GNAT ALSO SCORES : Ti 
Judged by conventional fighter stan- i th 
! dards, the Gnat: : gi 
\is superior in rate of climb. G) can be transported more easily. pa 
\/ maneuvrability and service ceil- 
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re ne (4) is easier and cheaper to maintain. I 
1 
(2) is less exacting in its airfield has far lower initial and operating 
' requirements. costs. 
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Dn a vertical boring 
! and turning mill 


The illustration shows a Richards mill with 6 ft. table. 
This is fitted with hydraulic contouring equipment to the 
right-hand head, and the illustration shows a special test 
piece mounted on the table. The machines, which are 
made in a range of sizes, can also be used as normal 
boring mills when contouring is not required. In order to 
give the greatest rigidity, the work table is mounted on 
Timken pre-loaded tapered-roller bearings, as shown in 
the line drawing. Some idea of the size of these bearings is 
given by the part cross-section of the larger one of the 
pair: this is printed actual size. 








Registered Trade Mark; TIMKEN 


WOMEN 


tapered-roller bearings 


MADE IN ENGLAND BY BRITISH TIMKEN LTD. 
PUSTON, NORTHAMPTON (HEAD OFFICE); DAVENTRY AND BIRMINGHAM 
Telephone: Northampton 4921 (10 lines) Telex No. 31-620. Telegrams: Britimken Northampton Telex 

Subsidiary Com;anies: 
‘Yolverhampton. Timken-Fischer Stockists Ltd., Birmingham. 
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The best bright steel bars 
—bar none! 


As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive industry 
with stream-lined service and the highest quality stocks. 
Twenty well known lines are handled 
in the large and efficiently planned warehouse in Pentonville Road, 
ensuring fast delivery and exact response 
to the customer’s specifications. 
Known throughout the steel industry, Macready’s Usaspead Service 
is a guarantee of quality, accuracy, 
and prompt delivery. 


MAGREADY’S METAL GOMPANY LTD 








This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 


We can profile cut any shape in mild steel 
from |” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 
Seenenienes lines) BOLTON, Lancashire. Telegrams 


“WAGON” BOLTON 
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THE PURSUIT OF PERFECTION 
Above: THE SADDLER. Hand-stitching 
a hunting saddle exemplifying the superb 


skill of the English Leathersmith. 


Right: THE TOOLS OF MODERN 
CRAFTSMANSHIP. 
wiring and testing of the Electronic Control 
Panel of a Matrix No. 57 Thread Grinding 
Machine. 
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Although the present Wimet grades 
have given outstandingly reliable 
service to industry for many years, 
progressive research and develop- 
ment and a programme of investiga- 
tion which began in 1953, have 
resulted in the development of anew 
series with a marked _ overall 
extension to the present wear- 


resistance and_ shock-absorbing 
range. 
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Tests conducted in many users’ 
works on high, medium, and low 
tensile steel forgings and castings; 
on copy-turning and fine boring 
machines, heavy-duty boring mills, 
and centre, combination, and turret 
lathes, have conclusively proved the 
superiorities of the new grades. 


Fiom January 1957 two of these 


will be generally available; designated XL2 
and XL3 the first-named will replace existing 
grades XX and XX7, and the latter replacing 


the present X8 grade. Yo 
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1957 Conference on 
PROBLEMS OF AIRCRAFT PRODUCTION 


University of Southampton, 8th/9th January, 1957. 


a hearty welcome to those attending the Conference, and he thanked Mr. D. G. James, 
the Vice-Chancellor of the University, without whose help and co-operation the 
Conference, and past Conferences, could not have been held. 


Ts Chairman, Mr. D. L. Wiggins (Chairman of the Southampton Section), extended 


The Conference had begun as an idea of the Southampton Section some five years previously, 
and they were proud that it had now developed into a national annual event. Indeed, this 
year they could say that it was international. He was sure it would be the wish of those 
present to extend to Herr Karl Frydag, of Germany, a hearty welcome to Britain and _ to 
the Conference. 


Southampton was famous for big ships and small aircraft. He was sure the Mayor would 
forgive him if he confined his remarks to aircraft. After 20 years, the Spitfire was only now 
being withdrawn from active service, and he defied an electronic computer to calculate the 
debt that they owed to that gallant little aircraft. However, the Folland Gnat was now in 
production and, with encouragement, it should be a worthy successor to the Spitfire. 


The Minister of Supply had now before him the technical leaders of Britain’s aircraft 
industry, employing some 250,000 people, producing world-beaters such as the Britannia, the 
Viscount and the Comet. Although the industry could be proud of those fine aircraft, those 
present appreciated only too well that nothing receded like success. Her Majesty the Queen, 
however, had recently honoured one of their leaders. In his absence, they congratulated 
Mr. George Edwards upon an honour so well and truly deserved. 


The previous year Sir Roy Fedden had given them what he described as “a little shock 
treatment ”, when he had told them that never had so little been done by so many in such a 
long time. Sir Roy might have done the patient some good, because in 1956 the industry had 
exported over £100M worth of aircraft and equipment. Surely the Minister’s colleague, 
the Chancellor, must have noticed that in the Aladdin’s cave that he called his Exchequer! 


This year, man would take his first real bite into outer space with the launching of an 
artificial satellite, and that, no doubt, would present even further and greater problems, and 
the theme of the Conference, “ New Materials — New Methods”, would become all the more 
vital. If the Conferences helped in any way to put the prize of outer space into British hands, 
the Institution of Production Engineers would be proud to have played its humble part. 


Alderman Mrs. K. E. Cawte, J.P. (Mayor of Southampton), extended a most cordial 
and sincere welcome to the Fifth Conference of the Institution of Production Engineers, and 
a particularly warm welcome to the Minister of Supply. 


They were very happy to be able to welcome Herr Frydag, Direktor of Henschel und 
Sohn, Kassel, Germany. The shared knowledge of contemporary skilled experience was a 
privilege to be valued and fostered. 


Southampton was very well aware of the great contribution which flowed out of the 
town to the great and ever-growing aircraft industry. They remembered in veneration that 
truly great man, Mitchell, and they were very proud that Spitfire aircraft were designed and 
constructed there. 
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As a member of the Southampton Education Committee, it would be foolish if she were not 
gratified at the contribution which that authority was making to help production engineering 
at its own active and ever-growing technical college, with Mr. F. T. West as its Principal. They 
were fortunate, too, that the Director of Education in Southampton, Mr. F. F. Freeman, was 
a man of wisdom, vision and action, and the Education Committee and the college 
acknowledged with pleasure and gratitude his direction from the very beginning and_ his 
keenness to put the college in the front rank as a training centre for production engineers. 


With regara to the Conference meeting-place, some of them were convinced that of all the 
ever-growing assets of Southampton, the University could take pride of place, for there men and 
women of intellectual promise might seek to advance and perfect their selected fields of study. 
It was the Mayor’s own hope and prayer that they would use that knowledge for the 
advancement of mankind. Increasingly science played its part in the life of mankind. Greater 
and greater grew the need for trained personnel in the Institution’s sphere. Therefore, there 
must be a joining of hands between universities and people like those present. for only by 
knowing what was required could training be given to maintain the high reputation of the 
particular skills represented there. 


It had been reported by the Press, the previous week, that Vickers-Armstrongs had 
successfully concluded a contract to supply 20 Vickers Vanguard turbo-prop aircraft to 
Trans-Canadian Airlines at a cost of £24.000,000. To Britain, the dollars deal was extremely 
important. but she had been even more impressed by the statement made by the President of 
Trans-Canadian Airlines, Mr. Gordon MacGregor. that the decision to order the Vanguard 
came after the most exhaustive equipment analysis ever undertaken by the Company. As 
Mayor of a town which had had a great deal to do with that sort of production, she rejoiced 
that this country had obtained the order in fair competition. She hoped it would be the 
forerunner of many others. 


The theme for the Conference was “ New Materials — New Methods”. That might 
well be the caption for the overall new look of science and industry. The Chairman had 
stated that in 1956 the aircraft industry exported £100M worth of equipment and that 
this year, man would attempt the experience of penetrating into outer space. The miracles 
of brain and hand were growing ever more quickly and moving forward to fresh wonders and 
ever-widening horizons. 


_ She thanked the Institution for its hospitality, welcomed it to Southampton, and wished 
it a fruitful and happy Conference. 


The Rt. Hon. Reginald Maudling, M-P. (Minister of Supply), said that Ministers of 
the Crown were always grateful to receive invitations from learned societies and institutions 
such as the Institution of Production Engineers. which play such a very important part in 
the economic life of the country. He thought that any Minister of Supply should be 
particularly grateful to be invited to be present by a body so intimately concerned with the 
aircraft industry as the Institution when it was well known, as was pointed out last year, 
that the main trouble with the British aircraft industry was the Ministry of Supply! 


Referring to the immense importance of the aircraft industry, Mr. Maudling said it had 
appeared to him, during the short time that he had been in office, that more exaggeration 
appeared from time to time about the aircraft industry than almost any other. They were 
told sometimes that it was deplorably incompetent, wasteful and inefficient. They were told 
at other times that it was almost sacrilege to criticise the industry. Both these excesses were 
not in the interests of the industry itself. which he believed to be fundamental to the country, 
most efficient and certainly most important. 


The best measure of the quality of the industry and the fairest comparison was to compare 
it with that of other countries. Outside the Iron Curtain in the free world there was only one 
other industry that mattered in aircraft on the British scale. and that was the American 
industry. There were many brilliant ideas on the Continent of Europe, and those present 
would hear many from Herr Frydag. but at the moment Mr. Maudling thought it was true to 
say that the British industry exported more in a fortnight than Continental Europe 
exported in a year. Therefore. at the present stage of development it was right to compare 
the British with the American industry to try to assess where we stood. 


Broadly speaking. in the development of supersonic fighters the Americans had a quite 
substantial lead. That was due largely to the fact that in the late ’40’s Britain was very slow 
in proceeding with manned supersonic flight, and once a country like America obtained a 
lead, it was difficult to catch up again. Therefore, for the time being at any rate — he 
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In this group, photographed at the reception preceding the Conference luncheon, are (from 
left) : Mr. J. W. Taylor, Hon. Secretary, Southampton Section ; Sir Roy Fedden ; The Rt. Hon. 
Reginald Maudling, Minister of Supply ; Mr. T. Gilbertson, Southampton Section Committee ; 
Alderman Mrs. K. E. Cawte, Mayor of Southampton; Mr. D. L. Wiggins, Chairman, 
Southampton Section; Mr. H. G. Gregory, Chairman of the Institution’s Council; Herr 
Frydag ; Mr. W. F. S. Woodford, Institution Secretary ; and the Rt. Hon Lord Sempill, A.F.C. 


stressed that — Mr. Maudling thought that the Americans could be said, in the production of 
manned supersonic fighters, to have a lead on Britain. 

In the bomber field, he believed that the V-bombers now coming off the production line 
were for their purposes equally as good as, if not better than, anything the Americans were 
currently producing. Considering what was involved in the production of a modern 
V-bomber, that was a splendid achievement. 

In the civil field, last year one British aircraft, the Viscount, penetrated, and now four 
British machines had penetrated, against the competition of all the Americas, the dollar 
market of the North American Continent. 

Sometimes people outside the industry did not fully appreciate the immense size of 
that achievement. Up to now the world had always bought American in aircraft, and all 
the airlines in the world were traditionally geared to American producers, and to get people 
to buy British rather than American, it was necessary to offer something very significantly 
better than the Americans were offering. 

So this achievement over the tariff barrier in the case of America, and in this highly 
competitive North American dollar market, was magnificent. 

As the Chairman had indicated, the export achievement of the industry in 1956 was 
really remarkable. So it could be said that from the standpoint of the most acid test, that of 
world competition, and in face of all the problems created by the Ministry of Supply, the 
British aircraft industry had done a good job. 

But this was not the time to be complacent, because competition was growing. Not 
only would American and Continental production grow very fast, but he suspected that 
Russian competition might become a very serious matter indeed, because they had vast 
technical resources and they had the ability, wth their controlled economy, to achieve deliveries 
and quote prices which private enterprise economies would have considerable difficulty in 
meeting. 

More important, the problem in Britain was becoming one of development. He did 
not believe that here there was any shortage whatever of brilliant original ideas, nor did there 
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seem to be in the aircraft industry, fundamental production problems. There was production 
capacity adequate certainly to present and future foreseeable requirements. 

The greatest problem, in competing with America and Russia and other large countries, 
was in the field of bringing the designer’s idea to where it could be put into shape and 
produced in quantity. 

Mr. Maudling believed it was right to say that soon it would be found that the total 
expenditure on development work in the British aircraft industry would be approximating to 
the total expenditure on production. That was where the balance in the industry was changing, 
which in itself presented considerable economic problems. 

Our advantages, basically, were simply the genius of our designers and the skill of our 
engineers — nothing more than that. In tying those two together in the process of development 
from the designer to the finished hardware must lie the secret of our success. 

Compared with her competitors, Britain had many disadvantages. She had not, and 
could not have, test facilities on the scale of the United States. She had not got their weather, 
which was immensely important for the development of modern high speed aircraft. nor their 
markets, nor the number of trained engineers. Therefore, she must concentrate on making 
good those deficiencies in every possible way. ‘ 


A Remarkable Development 


Recently — in the last five years or so in particular — there had been a really remarkable 
development in test and research facilities available in Britain, both in the Ministry of Supply 
establishments and in industry, both in private firms and through the co-operative efforts of 
the industry. That had been, and remained, an extremely expensive business, and Mr. 
Maudling hoped that those who were firmly pressing for economy in Government expenditure 
would remember the words of the Prime Minister, that it was easy to be in favour of economy 
in general, but much more difficult to be in favour of economy in particular. 

Certainly, it was agreed that one way in which economies should not be made was by 
cutting down the development and expansion facilities in the way of such things as wind 
tunnels, high altitude test chambers, and soon. So far as the weather was concerned, nothing 
could be done about that. 

When it came to markets, there could be no doubt that, both financially and in terms of 
geography, the British market for aircraft was bound to be limited compared with America 
and Russia. There was, of course, the Commonwealth, and this connection must be developed 
in every way so as to expand our market. But even the market within the Commonwealth 
could not compare in size with the vast market for air transportation that existed in the 
United States and in Soviet Russia. Nor could Britain put the finance behind these things 
that those two vast economies were able to do. 

There was also the great problem of the supply of trained engineers. Once again, here 
was a case where this country had woken up, far too late, to the fact that she was being 
outstripped by competitors in the training of skilled technical people. The Government, the 
country, and industry were now trying to put this right, by speeding up the training of 
technicians, but it was necessarily a slow business. 

In the meantime, he believed, the best way of handling the comparative shortage of 
engineering skill was by concentration of effort, and one of the best means was through the 
activities of an institution like the Institution of Production Engineers and through Conferences 
such as the present one. 


The Most Vital Problem = 


Mr. Maudling congratulated the Institution on the choice of subjects for discussion at 
the Conference. Finding new materials and new methods was surely the most vital problem 
for the future of the aircraft industry, where designers and customers were demanding 
rapidly increasing standards of performance. In the development of new methods, it was 
possible to find ways of compensating for the relative shortage of skilled manpower. by 
ensuring that by the best and most modern methods the work was perfected as far as was 
humanly possible. 


Concentration on Fewer Projects 


Finally, it must be ensured that the British aircraft industry was concentrated on fewer 
projects. If it was a smaller industry than those of our competitors, it made sense that it 
should concentrate on a smaller range of projects. In the military field at the present moment. 
we were certainly trying to do that. In the course of the Lord Sempill Lecture, there would 
be given a good deal of extraordinarily interesting advice on this subject. 

(concluded on page 199) 


144 








~~ 


SE 


SU 





























CONFERENCE PROGRAMME 


Theme : “ NEW MATERIALS — NEW METHODS ” 


(This Journal contains a report of Sessions I, II, and Il. 


A report of Session IV will appear in the April issue.) 


SESSION I 


Chairman : Sir Roy Fedden, M.B.E., D.Sc., Hon.F.R.Ae.S., M.LMech.E., F.R.S.A., Hon.F.L.A.S., 
Hon.F.S.A.W.E. 


The Lord Sempill Paper 





“ CONCENTRATION OF AIRCRAFT DEVELOPMENT ” by Karl Frydag. 


SESSION II 
Chairman: Professor E. J. Richards, M.A., B.Sc., F.R.Ae.S. 


“FATIGUE OF AIRCRAFT” by Major P. L. Teed, A.R.S.M., M.I.M.M., F.R.Ae.S., F.1.M., 
F.R.S.A. 


SESSION If 
Chairman: J. B. Turner, M.I.Prod.E. 


“NUMERICAL CONTROL OF MACHINE TOOLS IN AIRCRAFT MANUFACTURE” by 
O. S. Puckle, M.B.E., M.I.E.E. 


SESSION IV 
Chairman: S. P. Woodley, M.B.E. 


1. “THE HOT FORMING, ASSEMBLING AND SERVICE APPLICATIONS OF MAGNESIUM 
ALLOYS” by R. G. Wilkinson, B.Sc. 


2. “RECENT ADVANCES IN THE APPLICATION OF RESISTANCE WELDING TO AIRFRAME 
CONSTRUCTION ” by N. K. Gardner, B.Sc.(Eng.), A.F.R.Ae.S. 


3. “CONTOUR ETCHING ” by A. W. Sheppard. 


SUMMING UP 
by H. G. Gregory, Chairman of the Institution’s Council. 


SESSION I 
THE LORD SEMPILL PAPER 





CONCENTRATION OF 
AIRCRAFT DEVELOPMENT 


by KARL FRYDAG 


Karl Frydag is a graduate of the Technische Hochschule of Berlin with 
the degree of Dipl. Ingenieur, and was during the First World War a pilot in , 
the German Air Force. After graduation his first employment was in the 
turbine-factory of AEG in Berlin. In 1924 he entered the aircraft industry, in 
which he worked until the German breakdown in 1945. He was a designer with 
the Rohrbach Metall-Flugzeugbau Berlin and with Messerschmitt Augsburg. 
Later he was production manager with Focke Wulff Bremen and Henschel 
Flugzeugwerke Berlin. He became technical director and member of the 
Board of Directors of the Henschel Flugzeugwerke, and was with them until 
1945. In this position Mr. Frydag had a big influence in creating the family of 
special machine tools, such as automatic riveters, rubber- and stretch-presses in 
Germany in the early *thirties, and this played a great part in the speed at 
which the aircraft industry was built up in Germany between 1934 and 1938. 

In 1943 he was the man in charge of aircraft production as a member of 
a government board comprised of representatives of industries, each one of 
whom was responsible to the government for the efficient performance of his 
particular industry. After the War he joined the parent firm of Henschel & 
Sohn, Kassel, and is now a member of the Board of Directors. He is chairman 
of the supervisory committee of the DVL (Deutsche Versuchsanstalt fiir 
Luftfahrt) and a member of the supervisory board of the WGL 
(Wissenschaftliche Gesellschaft fiir Luftfahrt). 





Herr Frydag. 


to show him a Viscount, which can certainly be 


Y Lord, Ladies and Gentlemen, 
considered as a most successful commercial 


I am most honoured to have been asked to 


give an address at the Annual Aircraft Production 
Conference of the Institution of Production Engineers. 

First of all, I would like to express my grateful 
thanks to the Right Honourable Lord Sempill, who 
invited me to this Conference. 

I first made the acquaintance of the then Master 
of Sempill in 1926, when I was a designer with the 
Rohrbach Metal Aeroplane Company, who were 
doing business with the “William Beardmore 
Company ” in Glasgow. 

It was in 1926 that the Master of Sempill paid a 
visit to our works, and I remember well that we 
showed him a two-engined flying boat. This was the 
time of the beginning of all metal aircraft construc- 
tion, the development of which was pioneered in 
Germany since 1918, at that time a rather expensive 
enterprise. The Master of Sempill asked me: “Is 
that a commercial proposition ?” and he continued : 
“No, I don’t believe that it could be”. I was 
flabbergasted. Since that time 30 years with all their 
progress have passed, and our modern aircraft are 
much more complicated and much more expensive 
than that old flying boat. But what would the Master 
of Sempill have said if we had been able at that time 
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proposition ! 
1. The demands made on an airplane nowadays differ 
so widely from those of that time that the then cost 
of a plane is not comparable with the present cost. 

The older members of the distinguished audience 
will perhaps remember the three-engined flying boat 
“Romar”. This boat had a flying weight of 20 tons. 
For the development and the design, the Rohrbach 
Co. had a staff of approximately 80 engineers and 
designers, who completed all the design work in five 
months. Another five months were needed before 
the first flight took place. This was in 1928. Sir 
Roy Fedden outlined in the first Lord Sempill Paper 
what is needed today for a main line civil air liner. 
I admit that the above mentioned flying boat was 
rather primitive compared with the modern air liners. 
But because modern ’planes necessarily make heavy 
demands on engineering and design staff as well as on 
financial resources, any country concerned with air- 
craft production will be faced with well defined 
requirements. 

Sir Roy Fedden told this Conference last year that 
an American firm estimated the time required for the 
development of a transatlantic air liner as five years, 
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and the cost for engineering alone, not including 
manufacture of prototypes, as £12,800,000. Those 
are astronomical figures and the staff of engineers 
needed to achieve this task is nearly astronomical, too. 
And these engineers are in extremely short supply in 
the whole world, as only engineers of the very first 
class can do the job. 

It is, therefore, essential to realise that the main 
requirements with which any country is faced are :- 


(a) comprehensive long term planning based on a 
complete, careful analysis of all contemplated 
development ; 

(b) concentration on a limited number of projects ; 

(c) strict adherence to the selected projects and 
their development to the utmost of their 
possibilities. 


2. When speaking of the development and research 
of a European country we often draw a parallel with 
the development in the U.S.A. In financial and 
technical respects we compare the means of a com- 
paratively small country with those of a continent. 
Any single country in Europe, faced with all the 
aspects of development, will not be able to keep pace 
with the means available in the States. In a separate 
field, however, when concentrating on a_ limited 
number of projects, a single country will certainly be 
able to compete with the U.S.A. Great Britain has 
given proof of this with the Viscount and the Comet; 
the misfortune with which the Comet has met does 
not make any difference to this. (Great Britain, with 
the Comet, was four years ahead of the world.) 


3, Often, the question is asked whether it is necessary 
for every industrialised country to have an aircraft 
industry of its own. People often say: “Buy your 
planes in the U.S.A. and save your country the 
excessively high expenses resulting from the develop- 
ment and equipment of research plants”. During the 
past few years, this remark has also often been heard 
in Germany. 

Such a conception is basically wrong and gives 
evidence of completely ignoring the many great 
achievements in the field of research in the aircraft 
industry. Special stress should be laid on the fact 
that aircraft industry research fertilises not only the 
aircraft industry, but all other industries as well. In 
this respect I make special mention of the develop- 
ments in the equipment field, such as radar; in the 
field of machine tools I would remind you of the 
very high standard of machining technique and the 
more complicated and special machine tools that have 
come into being during the first post-War decade of 
aircraft manufacture, of the increased knowledge of 
the properties of existing materials and also of the new 
materials of increased strength and flexibility and 
of resistance to extreme temperature conditions, etc. 
A striking example is the construction of a bridge 
over the Rhine near Cologne. Built for the first time 
in 1937, it was considered of light-weight construction. 
During the War this bridge was destroyed, and after 
the War it was rebuilt, applying, however, the most 
recent knowledge obtained through research work in 
aircraft design. The result was that the bridge built 





in 1954 was of only half the weight of the one built 
in 1937. Remember the development of internal 
combustion engines, which was given a strong impetus 
by the aero engine industry. One cannot imagine a 
country having a well-balanced industry without the 
benefit of the knowledge that comes from aeronautical 
research. 

4. I should like to revert to the comparison with the 
U.S.A. In Europe we have national industries which 
will continue to exist for a certain time. In the 
research field, however, we should endeavour to think 
as Europeans. There are efforts being made, 
emanating originally from France under the name of 
“A.LC.M.A.”. These efforts refer to team work in 
the field of the basic sciences, common erection of 
test plants, supersonic tunnels, etc. Furthermore, the 
A.I.C.M.A. recommends mutual planning of research 
and development in order to avoid duplication of 
work in the different countries. 

We, on our part, encourage endeavours of co- 
operation. Such an encouragement of European 
co-operation in the research field is all the more 
important as we have only a limited number of 
capable scientists. Some figures are quite suitable to 
demonstrate the necessity of such a European co- 
operation; at the same time, they are intended to 
give a warning of the consequences possible if we do 
not find in time a way of co-operation. 

Western Europe (that means England, France,-Italy, 
Western Germany, Holland and Scandinavia) is pro- 
ducing each year approximately 12,000 engineering 
graduates. Great Britain alone is producing 2,800 
graduates a year. The U.S.A. produced in 1950 
50,000 engineering graduates and decreased to 22,000 
in 1955. Russia, however, produces at the present time 
60,000 engineering graduates every year. These 
figures are based on publications by the British 
Government. 

I think that these figures, no matter whether or not 
they might be inaccurate by 2° or 3%, convey a 
grave warning to us. They should induce us to look 
for ways of co-operating with one another more 
closely than has been the case so far. Should we not 
find the common way and should we not deal 
extremely productively with our intellectual potential, 
our future will see the victory of the East over our 
industries. In the above figures I have not included 
China. But this country as well will have available, 
in some decades, a great number of engineering 
graduates. 


5. It is the urgent duty of the governments of the 
European countries to do much more than has 
heretofore been done in the training of engineers, by 
making available for them scholarships and grants. 
What so far has been done in this field is little and, 
compared with Russia, nothing. 


6. It is the duty of science, research and industry to 
deal as efficiently as possible with the technical 
potential available. They must limit their work to 
some few definite objectives. If they do so, they will 
achieve something great. I have already mentioned 
the outstanding performance that Great Britain has 
achieved with the Comet and Viscount. 
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7. The neutral visitor to the Farnborough Air 
Display is astounded to see the numerous fields 
covered by the British aircraft industry. In my 
opinion, which I would like to express frankly, a 
country of the size of Great Britain is not in the 
position to complete successfully the many various 
projects she has undertaken. I have the highest 
esteem for British industry and, above all for the 
British aircraft industry, and I have many friends 
in this country. Therefore, I would ask the 
distinguished audience not to interpret my words as a 
presumption, but as a warning given in sincere friend- 
ship. 

There is hardly any branch of the aircraft industry 
in which Great Britain is not taking an active part, 
and one cannot imagine that the engineers and 
technicians available in this country are sufficient in 
number to complete successfully all the projects that 
have been initiated. One should not forget that the 
development of prototypes alone will not do. Their 
initial testing is followed by production, which, to be 
completely successful, swallows colossal sums of 
capital. 


8. Furthermore, there is the time factor. You all 
know that it will not do to finish some day a certain 
aircraft. In planning development, one can consider 
only a certain period during which the development 
of the aircraft will have to be finished. It is quite 
possible that a fighter being developed will never 
be completed, as it may be replaced by a guided 
missile before it nears completion. This example of 
the fighter is not theory but, as all of you know, a 
fact. 


9. When saying that the observer is astonished 
at the great number of fields in which the 
British aircraft industry is engaged, one should 
add that in many of these fields there is dupli- 
cation. Had Germany pursued such a varied develop- 
ment during the years after 1933, she would never 
have developed any substantial production. 


10. The successes the German aircraft industry had in 
the beginning can be accounted for by the following 
facts :- 

(a) The projects to be developed had been planned 
ahead in full detail by a small number of very 
qualified engineers and by members of the 
German Air Ministry. From the outset this 
programme imposed severe restrictions on the 
firms concerned. It comprised the development 
of only : 


two fighters ; 
one night fighter ; 
two bombers ; and only 
three engines comprising one 35-litre engine ; 
one 48-litre engine ; 
one air-cooled engine. 
In addition, there were some few special purpose and 
transport planes. 

(b) This programme was highly concentrated. 
It was essential that planning covered not only 
airframes and engines, but that the above pro- 
gramme was based on highly detailed planning 





(¢) 


of all the accessories and equipment and on the 
manufacturing preparations for mass production. 
The scope of the series to be produced had 
been planned minutely as well. 

The aircraft industry then existing in Germany 
could not have accomplished even this con- 
centrated programme on their own. Planning 
provided for the following assistance for 
industry : 

For development and research, several test 
plants were erected and provided with first- 
class equipment covering all kinds of wind 
tunnels, including supersonic. 

For the engine manufacturing industry, a full 
scale altitude engine test plant was created 
which was ultra modern for that time. 

Research and,development of airframes were 
concentrated in the works of seven firms. 

The development of the above mentioned 
engines was concentrated in three aero- 
engine factories. 

All firms had to use the same drawing system 
and the same standards. 

The factories of the accessory industry as well 
as of the light metal and steel industries 
were also planned in the above mentioned 
programme. 


(d) Special care was given to the subsequent mass 





production. Apart from the seven airframe 
firms and three engine manufacturers mentioned, 
in which all development was carried out, quite 
a number of mass production firms were 
established, not of the British shadow factory 
type, but as private enterprises. All the firms 
dealing with development and research, as well 
as those dealing with mass production, had been 
established in accordance with a defined pro- 
gramme published in advance. My firm, for 
example, had to erect a works for a monthly 
output of 100 two-engined bombers. 

An essential feature, however, was that all these 
factories were already working before mass 
production could be considered. They were 
given preliminary orders to develop production 
processes in order to prepare themselves for the 
work of mass production as was done in 
England in the shadow factories. If possible, 
they manufactured during this time not the 
product of their own design, but under licence 
products of other manufacturers. The result was 
that anybody, from the production manager 
down to the worker, was able to understand 
completely details of any drawing without 
referring to the design staff of the firm con- 
cerned with its development. 

Great value was attached to the equipment of 
the factories. All factories were equipped with 
presses for sheet forming up to 8,000 tons capa- 
city, and the aluminium factories had_ presses 
of capacities up to 50,000 tons. The develop- 
ment of a great number of special machines, 
such as automatic riveters, special milling 
machines, etc., is due to the mass production 
firms of the aircraft industry. 

















(g) Financing was effected by the Bank of the 
Aircraft Industry, which was established for this 
specific purpose. 

This system and this planning functioned perfectly 

as long as it was adhered to. The development and 
prototypes planned were finished on the fixed dates 


and mass production began as _ programmed. 
The mass production factories planned for a certain 
output always achieved it. 


11. All this could only have been achieved by the 
above mentioned concentration of planning and 
development and the untiring determination of the 
Government to assist the industry, especially in 
financing such a gigantic enterprise. 


12. Now comes the great tragedy. ‘The above 
mentioned plan worked well up to the end of 1941 
and during the first months of 1942. By that time the 
German air superiority had been overcome and the 
nervousness of the German leaders increased rapidly. 
First, this nervousness was shown in the interference 
of military authorities with armament programmes ; 
interference resulting in substantial programme altera- 
tions, increased until it became improvisation. First, 
they tried to improve the available fighter types to 
combat the air raids on Germany, which were just 
beginning. This was quite right of itself. But efforts 
were also made to introduce these improvements in 
production without considering the laws which deter- 
mine production. 

Allow me to give the following examples as a 

warning :- 

(a) Had, say, Messerschmitt developed an important 
improvement, orders were given to change over 
almost the entire programme to Messerschmitt 
in spite of the fact that the original programme 
was planned at 50°/, Messerschmitt and at 50° 
Focke Wulff. 

Had, say, Focke Wulff developed another 
even greater improvement: some months later, 
the major part of the fighter production was 
ruthlessly changed over to this type. Such a 
change-over was repeated several _ times. 
This interference in purely technical and 
engineering matters came from the supreme 
military leaders. It was the interference of 
military men in purely engineering processes, 
gross interference with production, the conse- 
quences of which could not be understood by 
the individuals making the decisions. Any 
objections, anticipating the consequences, were 
in vain. 

(b) It was intended to replace the night fighter 
Messerschmitt 110 by an improved model 
bearing the designation Me 210 and, later, 410. 
The change-over had already been accom- 
plished. Because certain difficulties cropped up 
in the Me 210, which could have been easily 
overcome, the construction of the planes was 
definitely terminated. This serious decision was 
taken by military authorities who were unable 
to foresee the consequences. To show you the 
values destroyed by such a change-over, I will 


now show you a film of the manufacture of the 
Me 410 wing centre, production of which was 
started at Henschel’s, with an output of 100 
units per month. 


(A film was shown at this point) 


The entire plane was produced in an identical 
manner. The tooling-up had cost some million 
working hours, in order to be able to carry out 
production with unskilled labour. 

All this had to be scrapped. The great loss 

in money was by no means the most important, 
but the loss in time and man-hours available 
was vital. 
An example demonstrating the consequences of 
splitting up production, that is to say, the effort 
to do everything despite limited capacity, is the 
example of the Messerschmitt 262, the two- 
engine jet fighter. After testing a number of 
prototypes until mass production could be 
started, efforts were made to build this plane 
concurrently with the two fighter types already 
in production. This was possible only to a 
limited extent, and brought little success. The 
right way would have been to stop absolutely 
the production of one of the piston engined 
fighter types, and to build in its place the jet 
fighter; hence, concentration ! 

A great handicap, though partly inevitable 
but not kept to the possible minimum, was the 
fact that in the course of time almost all of the 
planes being built developed quite a number 
of alternative versions, meaning that not two 
fighter types, as planned primarily, were pro- 
duced, but some eight types differing essentially 
in vital components. I concede that under the 
weight of War requirements such variations are 
one way of increasing the capacity of a basic 
type. In Germany, we had highly concentrated 
our efforts; in the beginning we started with 
two types only. But what will the outcome be 
if the basic planning is founded on, say, five 
primary types ? How many variations can you 
expect in such a case and how do you expect 
to produce them? These are but a few examples 
of wrong decisions or dangerous interference. 
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13. What was the consequence of this intolerable 
interference? The programme primarily concentrated, 
and limited to few types, was enfeebled by this inter- 
ference and the introduction of numerous variations 
and new types. Consequently, the monthly output 
failed to exceed 2,000 planes by the beginning of 
1944, 

Eventually, in March of 1944, the higher 
authorities became aware of the result of their inter- 
ference and decided to reduce the types to a mini- 
mum, and to concentrate production efforts. The 
immediate consequence was a production increase of 
more than 100°, namely to 4,800 in September, 1944. 
This increase was possible in spite of the heavy 
bombing raids to which the aircraft industry was 
exposed by that time. This production increase in 
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1944 from 2,000 to 4,800 planes monthly is certainly 
the best proof of the fact that concentration on a 
limited number of types will result in ultimate success. 


14. I know quite well that it is easy to criticise the 
past. This lecture is not intended to be fruitless 
criticism. All of us are bound to take warning from 
our experience. 


15. You might object : “ Why are we worrying about 
the history of German aircraft industry during the 
last War? The situation is entirely different today, 
and technique and engineering have undergone such 
profound changes that it is no longer possible to learn 
from the past.” 

I must emphatically oppose such a view. It is true 
that technical processes and engineering have certainly 
altered, but man has not. The lesson I have learnt 
from the past, based on my experience and the 
observation of the aircraft industries of other 
countries, is as follows :- 

(a) The aircraft industry should be controlled by 
the Government and by industry working 
together. The extremely rapid advance of 
technical processes and engineering does not 
allow an administration, say, a Ministry, alone 
to control such an intricate structure, as in the 
case of the aircraft industry. Even supposing 
that such a Ministry includes most eminent 
technicians, these very technicians will certainly 
lose in a short time intimate contact with 
industry. To achieve smooth co-operation 
between industry and Ministry in planning 
development and planning production of air- 
craft for civil and military purposes, industry 
should also be invited to take a part and 
responsibility in overall planning. A board of 
industrialists willing to bear responsibility should, 
together with the Government, formulate pro- 
posals for programme development. Above all, 
this board, together with the Government, 
should decide which new developments should 
be carried out and how the production required 
for defence planning should be distributed to 
the different factories. 

‘b) The main duty of this board should be to make 
the most economical use of the potential avail- 
able for research work and development, and to 
avoid parallel developments as far as they 
originate only in the special interest of a firm. 

Please, consider that before the War Germany 
was far ahead of the other countries as regards 
development and research, no matter whether in 
jet engines, guided missiles, aerodynamics, swept 
wings or other ideas. But we lost the War in 
the air partly because at a certain period our 
original ideas of concentration were abandoned 
and we wasted our technical potential. I am 
sorry to say that actually Great Britain is in this 
extremely dangerous position. All of us will 
have to defend Europe, and I do not think that 
the current development in Great Britain will 
meet the requirements of the N.A.T.O. The 
ten post-War years show in Great Britain 
developments covering fully almost any field you 











can think of; still this country is wasting its 
great resources because the diversity of the 
projects which have been undertaken does not 
permit ultimate success. 

I venture to put this question: What would 
you produce if war should break out tomorrow? 
If Great Britain does not concentrate her efforts 
on some limited focal points, her success will 
not meet with her expectations. 

Projects which cannot be expected to yield 
practical success for any reason should be 
stopped forthwith. 

(d) Greater care should be given to the study of 
production. Under the present conditions pre- 
vailing in technical processes and engineering, 
and faced with the shortage of labour, the 
position of a production engineer gains more 
and more importance. In my opinion, this 
necessity is not given sufficient thought in this 
country. 

In Europe the production engineer does not 
enjoy the same esteem as in the U.S.A. There 
are lots of people who think the production 
engineer to be a second-class engineer. Nothing 
is more erroneous than such an idea. Automa- 
tion, which all of us admire, has been created by 
production engineers. We all, also in this 
country, must do everything to train production 
engineers from among the most intelligent of 
the coming generation, and not only engineers 
for research and development. 

(e) The demand the development of a modern air- 
plane makes on us is so great from the technical 
point of view that only a limited number of 
very large firms will be able to perform such a 
task. In almost all European countries, as well 
as in England, there are too many small firms. 
A way should be found to unite smaller firms 
by organising working groups, thus creating a 
powerful and efficient unit. 

In this respect I share the view of Sir Roy Fedden, 
who said before this Institution on the 6th January, 
1956 : “In order to concentrate our efforts and work 
efficiently, it is suggested that we should do better 
with three engine firms and six airframe constructors’’. 

When asked what are the tasks on which Great 
Britain should concentrate, I shall be at a loss as to 
what to answer. You will think me presumptuous if | 
dare as a stranger to make suggestions to you. On the 
other hand, having saddled the horse, I might as well 
ride it. This is what I am thinking :- 

Great Britain should concentrate her efforts on the 
following main projects : 

(a) First ranks the transport aircraft. This task 
has also been recognised everywhere in Great 
Britain to be of top priority. No pains should 
be spared to push ahead this development in 
the civil and military fields alike. Great Britain 
was the first country to produce turbo-jet and 
turbo-propeller transport aircraft. It will require 
great effort to maintain the advantage that 
Great Britain at present has with certain types. 
The danger exists that the U.S. will displace 
England from the leadership. 
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(b) As to the fighters, they should concentrate on 
two types only. I believe that one fighter with 
supersonic speed and a long range, and an 
interceptor fighter are the most imperative needs 
in this field. 

Regarding bombers, British industry should con- 
centrate on the development of a supersonic 
bomber, whereas the conventional night bomber 
should be produced under licence according to 
US. design. 

(d) In co-operation with the U.S.A. or European 
countries, greatest importance should be devoted 
to the large field of guided missiles, either 
ground to air, air to air, or ground to ground. 


— 
OQ 
~~ 








This conception does not claim completeness, and it 
relates only to the decisive development of the air- 
craft industry. 

However, I am sure that if Great Britain con- 
centrates its efforts in such a way and adheres to this 
or another strictly limited programme, the British 
aircraft industry will be able to compete even with 
the US. aircraft industry. 

My Lord, Ladies and Gentlemen, I have had the 
honour of presenting to you some ideas which have 
originated in the experience I have had in the aircraft 
industry. I shall be greatly pleased, if one or the 
other of my ideas could possibly give the gentlemen 
concerned food for thought. 





REPORT 


Chairman: SIR ROY 


The Chairman, opening the meeting, said: 
I feel it is a great honour to preside at the chief 
Named Paper of the Fifth Conference of the 
Southampton Section of the Institution of Production 
Engineers. As many of you know, this Paper was 
inaugurated to commemorate the outstanding services 
to aviation of Lord Sempill, and his long and faithful 
association with the Institution, of which he is a 
founder member and past President. I am delighted 
to see my old friend, Lord Sempill, present today to 
listen to the reading of the Paper. 

As Chairman of the opening Session this year, 
having stepped into the breach at short notice in 
view of the illness of the Earl of Halsbury, I find 
myself in a far more relaxed state of mind than at 
the 1956 Conference, when I was set the task of 
delivering the first Sempill Paper, with a difficult 
and challenging title. 

I have great pleasure in introducing to you Herr 
Karl Frydag, the eminent German aeronautical 
engineer, who is to deliver the Sempill Paper this 
afternoon. 

I have already stated publicly that now that 
Germany is a full member of N.A.T.O. we should 
take every opportunity of collaborating with her on 
many aeronautical matters, and I should like to 
take this opportunity of congratulating the 
Institution upon taking the initiative in this matter. 

I have had the privilege of knowing Herr Frydag 
for over 30 years, and I can state without any fear of 
contradiction that there is no one in Europe today 
who is more competent to deliver this Paper. He 
broke into his university engineering training to 
become a pilot on the Western Front in the First 
World War. After the War, he completed his 


engineering studies and became a fully qualified 
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technologist and later on an experienced aircraft 
designer. In the °20’s he was responsible for some 
excellent design and development work on_ the 
R6hrbach all-metal aircraft construction. 


In the °30’s he left design work and specialised 
in airframe factory administration and management. 
1 well remember seeing, in 1937, one of the largest 
and most modern aircraft production plants in 
Europe, which he had laid out from the green field, 
and most successfully managed. He pioneered the 
design and development of modern stretch, extrusion, 
and heavy presses for aircraft manufacture. He 
built up such a high reputation for his production 
management that at a very critical time, during the 
Second World War, he was put in sole charge of 
German fighter production and obtained outstanding 
results. 

Herr Frydag is now back with his old firm, 
Henschel und Sohn, of Kassel, as managing director, 
with a staff of over 10,000 people, making lorries, 
diesel engines, locomotives and modern electronically 
controlled special purpose machine tools. The two 
Henschel aircraft plants for which he was responsible 
are now in the hands of the Russians in Eastern 
Germany, but Herr Frydag is right up-to-date in all 
aeronautical developments and is taking a leading 
part in the aircraft scientific and technical delibera- 
tions of his country. 


I know that Herr Frydag would not wish me to 
tell you the following, because he is a very modest 
man. However, he has in fact made an amazing 
come-back into the post-war engineering world by 
pure character, hard work and ability. Chased from 
pillar to post immediately after the War by the 
Russians, who wanted to get hold of him badly, he 
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often found himself in some very peculiar circum- 
stances. He told me some time ago that the thing 
which was most difficult for him to bear after the 
War was when, having been a senior executive con- 
trolling tens of thousands of people on aircraft 
production, he suddenly found himself for the two 
or three years immediately after the War with 
absolutely nothing to do. He had no home, no car 
and no amenities of any kind ; everything had been 
left in the Eastern zone at a few hours’ notice. In 
fact, he was glad to bicycle 25 or 30 miles to pick up 
a sack of potatoes or some other food for his family. 
He certainly has made a most wonderful return to 
engineering executive management the hard way. 


I now call upon Herr Frydag to deliver his Paper, 
entitled : ‘Concentration of Aircraft Development ”. 


(Herr Frydag then presented his Paper, which 
appears on pages 146 - 151.) 


The Chairman, thanking Herr Frydag, said: I am 
sure you will agree with me that we have just 
listened to a most stimulating and very well worthwhile 
Paper, from which I believe we can draw a valuable 
lesson which we might well apply here at home. 
Apart from the able way in which Herr Frydag has 
dealt with the technical aspects, I am _ greatly 
impressed by what he says about the fact that no 
country can remain great unless it has in proportion 
to its size a virile, live aircraft industry. 


Although the whole tempo of aircraft design and 
production techniques has advanced enormously in 
the first post-war decade, so much so that it would 
be safe to say that the last 10 years have seen greater 
changes than in the previous 40, nevertheless some 
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delivering the 


Lord Sempill Paper. 


of those very difficulties which Herr Frydag has 
described, and which bedevilled his country’s produc- 
tion during the Second World War, might well be 
causing similar bottlenecks on our present more 
complex problems. 


I feel it is worth noting that Mr. Harry Truman, 
the former President of the United States, in a most 
statesmanlike document, outlined in June, 1947, a 
somewhat similar state of affairs coming to pass in 
the United States. He called for an immediate 
investigation at the highest level, which resulted in 
that now famous document, the Finletter Report, 
which came out six months later, and provided an 
amazing blueprint for future American aviation which 
holds good today, more than eight years afterwards. 


Surely these two important signposts, Herr Frydag’s 
review of why German aircraft production got off 
the rails during the Second World War, and the 
Finletter Report, which described how American 
post-war aircraft production congestion could be 
straightened out, should make us take heart ? Since 
it is obvious that we have not lost our technological 
cunning, cannot we boldly take a few stitches in 
time where they are needed on production ? 


I have been asked to say that it has been decided 
that there will be no discussion after this Paper. 
The Sempill Paper is cast on similar lines to the 
Wilbur Wright Lecture of the Royal Aeronautical 
Society. An authority is chosen to speak on some 
facet of aircraft production with which he is con- 
versant. The Sempill Paper will act as a platform 
from which the specialised Papers, upon which there 
is a discussion afterwards, will emerge as the main 
theme of the Conference. 


I will now ask Mr. Gilbertson, General Manager of 
Folland Aircraft Ltd.. to move a vote of thanks to 
Herr Frydag. 











acc 


the 
say 
our 
was 


Fry 
mo 


effe 
Gel 
of 


duc 


inc 


Ru 


ma 


Ru 


He 
as 

bri 
ma 
tec 
tru 
ani 
des 
sta 
an 
cal 
its 

de: 


av 
tio 
It 
be 
fil 
wi 
du 
an 
mz 











Mr. T. Gilbertson, M.I.Prod.E. (Director and 
General Manager, Folland Aircraft Ltd.): 1 am indeed 
conscious of the honour bestowed upon me, not only 
as an executive of the local aircraft industry, but 
as a member of the Committee of the Southampton 
Section of the Institution of Production Engineers, 
whose invitation Herr Frydag has been so kind as to 
accept. 


I should like to take the opportunity of supporting 
the welcome extended earlier by our Chairman. and 
say that we most heartily welcome Herr Frydag to 
our Conference and to our country once again. He 
was a welcome visitor in other times. 


It was with great interest that we listened to Herr 
Frydag mention and enlarge upon some of the many 
most topical national and aeronautical subjects of 
today, all of which have their parallel cause and 
effect in this country as we know they have in 
Germany. Especially do I refer to the very high cost 
of building modern aircraft, coupled with the lack 
of suitable technicians for research, design and pro- 
duction problems. 


Herr Frydag has compared Europe, in which he 
includes Great Britain, with the U.S.A. and Soviet 
Russia. It is interesting to note the emphasis given 
to the suggestion for unity in Europe in respect of 
major research as an answer to the challenge of 
Russia. Perhaps I might also add — China. 


It is not, however, the possible political aspects of 
Herr Frydag’s Paper that I wish to mention, so much 
as the all-too-obvious point, the complexity of design, 
bringing with it colossal production, engineering and 
machining problems, also the dire need for suitable 
technicians, preferably with know-how rather than a 
true scientific background and, finally, that hardy 
annual, the common presentation of information from 
design to manufacture by way of drawings and 
standards. I wish somebody would be a dictator 
and standardise drawing systems in this country. One 
cannot possibly over-emphasise this latter feature with 
its resultant network of liaison between workshops, 
design and so on. 


Coming to the film, in five minutes’ photography 
a wealth of experience was shown. It was a presenta- 
tion which prompts me to ask all sorts of questions. 
It is a pity that we have decided that there shall not 
be any discussion of the Paper. TI feel sure that the 
film will send you away thinking seriously of the 
wicked waste in tonnage of mild steel used in pro- 
ducing jigs and fixtures which become antiquated 
and useless before they can be got on to the milling 
machine. We have had an example of what I think 


is essential today, a special purpose machine. You 
can visualise drilling and riveting heads which by 
means of a little alteration could be coupled together 
to give you a variable arrangement. Ninety per cent. 
of the effort in tooling by this method will never be 
wasted. The fact that the film was taken in wartime 
is an indication of how much we have to pull our 
socks up. In that film there is a lesson for us. 


Herr Frydag has suggested that, in order to keep 
up with aeronautical progress, the number of types 
and projects for research should be limited and also 
that the industry might have at the head Government 
control, while still having an industrial board or 
directorate. He also suggested that in Great Britain 
there are too many small firms. I am not convinced 
that all that Herr Frydag suggests would be accept- 
able to the vast majority of the industry, but I agree 
with him that it is a very important question which 
must be thoroughly thrashed out and decisions made 
accordingly. We must, of course, be careful not to 
discourage the initiative and effort of the small firms 
when we do so. 


Herr Frydag has also mentioned that there is a 
possibility that the aircraft industry should not be 
practised by smaller countries. Here again we agree 
that it is essential and imperative in this modern 
age that Governments should do all in their power 
to assist the industry, not only as a means of keeping 
abreast of world challenge in civil air transport, so 
much as because of the fact that the development of 
new materials and methods in the aircraft industry 
considerably benefits other industries. 


We must heartily agree with the views of Herr 
Frydag on the need to do everything possible to 
train production engineers from the most intelligent 
of the coming generation. There is a tendency at 
present for those young engineers to be encouraged 
to enter the field of research and development. A 
substantial quota must be encouraged to take up 
production engineering as a career. 


To take up Herr Frydag’s words, perhaps the 
Government will supply the horse ; we production 
engineers are quite prepared to saddle it and ride it. 


I should like to enlarge upon other of Herr 
Frydag’s points, but that it not my purpose. I wish 
to support the welcome given to Herr Frydag and 
to propose a vote of thanks to him, and I ask those 
present to show their appreciation of his Paper in 
the customary British manner. 


The vote of thanks was carried by acclamation. 
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Niel only do | regard it as a very great honour to 
have been invited to lecture to the members of 
the Institution of Production Engineers, but I also 
look upon it as a later day miracle. I am not a man 
of learning and, if there is any field in which my 
ignorance is greater than another, then it is in that 
branch of engineering to the development of which 
your Institution has so successfully devoted its not 
inconsiderable energies. In this communication, 
which you will have had an opportunity of reading 
before we meet, I have attempted to present in broad 
outline the airframe fatigue problem as I see it. 
When we do meet, should you give me your per- 
mission, I will give an “off the cuff” dissertation 
indicating, again somewhat broadly, certain matters 
with regard to which your co-operation can be 
especially helpful. 
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Major Teed. 


An Historical Note 

To make an historical approach to my subject — 
“The Fatigue of Aircraft” —I will now take a very 
brief backward look both at fatigue and at aircraft. 

Firstly, of fatigue : in a period starting prior to the 
French Revolution and going on into our industrial 
one, a few observant engineers, and here mention 
should be made of Albert, Marcoux, Arnoux and 
Poncelet, established that parts made of ductile metal 
sometimes broke with a brittle fracture after repeated 
use, when subjected to loads which they had long 
withstood with apparent immutability, 

Poncelet, pondering on this phenomenon, and he 
was probably something of an expert on pondering, 
for he was in a Russian prison from 1812 - 1814, 
which one might imagine, bearing in mind the date 
and place, gave ample scope for unheated reasoning, 
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christened, or better, for so evil a thing should surely 
not be christened, gave it the name — Fatigue. 

McConnell, a British railway engineer, just over a 
century ago, produced a theory to explain it. This 
was fundamentally unsound but, illustrating the truth 
of Mark Anthony’s dictum “the evil that men do, 
lives after them”, is not yet dead ; the half-educated 
as is so often the case, have apparently given it an 
undeserved immortality. 

Then, three-quarters of a century ago, came 
Wohler who, with characteristic German thoroughness, 


established the relationship between repeated 
stress and endurance at that stress. His results 
are shown in Fig. 1. Note how markedly 


reduction in the applied stress increases its fatigue 
resistance. Lowering the applied range of stress from 
+ 15.3 tons/in? to 14.3  tons/in® increased the 
endurance of the specimen from 56,000 to almosv 
100,000 reversals. This is impressive, but if the 
stress was approximately halved, i.e., reduced from 
+ 15.3 to + 7.6 tons/in*, the capacity to withstand 
repeated stresses was increased more than 2,340 times, 
for the specimen was unbroken after over 132,000,000 
reversals. Wohler did not show his results graphically, 
so I have done it for him, in Fig. 2. We have seen 
better S/N curves but, in a sense, this is the first 
of them all and we have certainly seen worse ones. 

To turn now to aircraft, a little over half a century 
ago, at Kitty Hawk, in North Carolina, on a dull 
December day, before an apathetic audience of some 
five persons, Orville Wright flew, at a modest height, 
at a speed of some 30 miles an hour, for a distance 





Fig. 2. 
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of about half a mile, a “stick and string” machine 
weighing 750 lb., having a 12 h.p. engine; the 
Fatigue of Aircraft had begun, but since in the early 
days of the new era, the machines had very short 
lives, its insidious attack passed largely unnoticed, 
certainly as far as the airframe, then mainly made of 
wood, was concerned. In the engine, however, crank- 
shafts and exhaust valve springs, certainly did fail by 
fatigue in the First World War. 

When between the Wars, wood gave way, as a 
structural material, to alloy steel and later to age- 
hardening aluminium alloys, fatigue failures occurred 
in a number of structural components, but they were 
not, as yet, attributed to fatigue, but to “ vibration ”. 
Later, to describe similar failures, two new terms: 


WOHLER’S TESTS ON AXLE 























IRON 
Specimen gy tha Number of Repetitions 

No. (Tons/in 2), to Fracture. 
I + 15.3 56 ,430 
2 + 14.3 99 ,000 
3 + 13.4 183 ,145 
4 12.4 479 ,490 
5 + 1.5 909 ,840 
6 + 10.5 3 ,632 ,588 
(i + 9.6 4,917 ,992 
8 + 8.6 19 ,186 ,791 
9 + 7.6 132,250 ,000 
(unbroken) 

Fig. 1. 





REPETITIONS TO FRACTURE. 





WOHLER'S TESTS ON AXLE _ IRON. 
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THE MATERIALS OF WHICH THE AIRFRAMES 
(EXCLUDING UNDERCARRIAGES) OF TWO 
LARGE CONTEMPORARY AIRCRAFT ARE BEING 

MANUFACTURED. 


(Basic equipped weight of each about 70,000 Ib.). 


























Weight as percentage of 
Material and Form. Total Structure Weight. 
Aircraft A Aircraft B 
Aluminium Alloys:- 
Sheet and strip 44.0 58.7 
Bars and sections 28.0 18.3 
Tubes 2.0 1.4 
Castings and forgings 2.0 76.0 2.4 80.8 
Ferrous Alloys. 
All Forms 8.0 17.0 
Magnesium Alloys. 
All Forms 3.0 0.3 
Copper Alloys. 1.0 0.7 
{Miscellaneous Materials 
All Forms. 12.0 icz 
100.0 100.0 
Fig. 3. 


“flutter” and “ buffeting” came into being, but in 
1931, W. D. Douglas, then of the Royal Aircraft 
Establishment, Farnborough, and still happily with 
us, described certain component failures as being due 
to fatigue, as they most undoubtedly were. 

In the Second World War, aircraft, though their 
lives were normally very short, did, in fact, sometimes 
fail from structural fatigue and, since then, they have 
continued so to do. 

How comes it that, nearly a century after Sir 
William Fairbairn had pointed out that structures 
subjected to repeated loading might well fail at 
stresses below their elastic limit, airframes have so 
failed ? The short answer, as is indeed so often the 
case where human error is concerned, is just human 
ignorance. 


The selling of aeroplanes being an intensely com- 


7 —— TENSILE STRENGTH 
H—— YIELD STRENGTH 
Fig. 5. h-—— ENDURANCE LIMIT 


f-——NOTCH ENDURANCE LIMIT 


a. 
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TENSILE AND FATIGUE PROPERTIES (ROTARY 
CANTILEVER TEST) OF WROUGHT ALUMINIUM 
ALLOYS (ALUMINIUM LABORATORIES LTD.). 


Inglis Stress Concentration in Notched Fatigue Test 
Pieces equals 5. 
































Alloy U.S. | Ultimate 5 - for cycles Reduction 
Approxi- Tensile Ibjin? due to 
mate Stress, i Notch. 

Designation.| !b/in®. Standard Notched. | Per Cent. 
17ST 61 ,600 +22 ,200 +9 ,900 —44.5 
24ST 64 ,300 +22 ,200 +9 ,900 —44.5 
14ST 71 ,000 +22 ,200 +9 ,600 —44.5 
75ST 74 ,600 +26 ,700 +9 ,000 —66.4 

Fig. 4. 


petitive business, the aircraft designer has to do his 
utmost to attract the potential customer. To succeed, 
he has to offer a better combination than his rivals of 
such qualities as disposable load, range, speed and 
freedom from major fatigue failure. These are 
largely incompatibles ; like Jason of old, the designer 
must steer between Scylla and Charybdis, the aircraft 
equivalents of which are: what has an immediate 
economic appeal, and what is safe and in long term, 
remains safe. Aircraft designers, indeed, require the 
judgment of Solomon, together with a power to resist 
temptation comparable with that of a mediaeval 
saint. 

In the last decade, most designers, attracted by their 
very high static specific mechanical properties, and 
perhaps not sufficiently fatigue-minded, have tended 
to make their structures of age-hardening aluminium 
alloys of the aluminium-zinc-magnesium-copper- 
manganese type. 


Fig. 3 shows of what the airframes (less under- 
carriages) of two current British aircraft are in fact 
made. Both machines have nearly the same basic 
equipped weight ; it is about 70,000 lb. Neglecting 
rivets, and at a later stage I shall emphasise why this 
should not be done, both airframes contain over 
65,000 parts. Both craft are predominantly made of 
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wrought aluminium alloys and, en passant, one might 
point out that one machine contains ten times the 
magnesium alloy of the other ; however, ten times 
next to nothing is scarcely something ? 


Fig. 4 (for the information on which it is based, I 
am indebted to Aluminium Laboratories Ltd.) gives 
typical tensile stress, unnotched and notched fatigue 
figures for forged testpieces made of five different 
aluminium alloys, all of which were in production 
in early post Second World War years. The points 
to note are that while the tensile of 75ST is about 
21°, higher than that of 17ST, and its yield, not 
shown on the Figure, is about 73°/, higher, its notched 
fatigue endurance for 50 X 10® cycles when the stress 
concentration is 5, is actually lower than that of all 
the older alloys under comparable circumstances, This 
disappointing feature of these stronger light alloys is 
now well confirmed. In Fig. 5 the outstanding things 
to note are :- (i) this impressive rise in yield strength 
and (ii) the insignificant rise in notch fatigue- 
endurance when the Inglis stress concentration was 
40 and the stress reversals were 500 X 10°. I might 
add that had the stress concentration been more 
modest, say, five, I think the same pattern of results 
would have been obtained. So much, for the time 
being, for the material side of this question. 


I am going to suggest there is something of an 
analogy between the current incidence of fatigue in 
aircraft and of cancer in human beings. Numerous 
short-term causes of aircraft and human disaster have, 
by hard and intelligent work, been in large measure 
eliminated, so the long-term ones become increasingly 
conspicuous. 


To ask a rhetorical question— why do fatigue 
failures occur ? Well! my reply is because of the 
repetition of loads which, were they but static, the 
structure would have withstood indefinitely — 
repetition is the villain of the piece and in the four 
operations — taxiing, take-off, flight and landing — 
it turns up with quite devilish ingenuity, sometimes 
but once in many hours and sometimes more than a 
million times in a single hour, and a million is a very 
great number indeed — we are not yet a million days 
from the start of the present era. 


At one end of the scale in a modern aircraft is the 
fuselage pressurisation stress cycle. With the 
ponderous inevitability of a State Ceremonial, stress 
reaches its maximum when the aircraft is at its 
maximum height. It is zero at ground level and on 
landing, of course, returns to this figure. Thus, its 
frequency is generally measured in hours. On the 
other hand, from the jet gases of a multi-engine 
machine, the lateral vibrations, which hit the side of 
the fuselage or the under surface of the wings and/or 
ailerons, have a frequency of from about 10,000 - 
20,000 cycles a minute. Those of a propeller blade 
may be as high as 27,000 per minute. Impressive as 
these figures may be, they are, however, as nothing 
to the fluctuations of the blade of a gas turbine. These 
may be higher than 200,000 per minute, but as I am 
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dealing primarily with the airframe, I shall make no 
further reference to it. 


Fig. 6 is of a modern four-jet aircraft having a wing 
span of about 100 feet. When the machine is on the 
runway waiting to take-off, to use the language of 
exaggeration, the wings are drooping downwards due 
to their own weight and that of the fuel in them ; 
the tail plane is also loaded under its own weight ; 
the fuselage is stressed as a beam and the wheels are 
loaded in compression in the plane of their vertical 
diameters and in tension in that of their horizontal 
ones. If stress, in a Piezo-like way, gave rise to colour, 
then the machine would look far gayer than Joseph’s 
most sartorially daring coat, which, I have no doubt, 
would have given Savile Row an attack of the 
staggers. 


What happens when the aeroplane starts to move ? 
Amongst other things and, starting with a real glimpse 
of the obvious, the wheels of the undercarriage begin 
to rotate — the direction of the stresses remains con- 
stant, but the material subjected to them is continually 
changing. Per revolution, that on any one diameter 
is subjected to two compressive and to two tension 
stresses. At the start, these stresses will be high and 
their frequency low, but, as horizontal speed increases, 
wing lift develops, so they decrease in magnitude 
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ALTITUDE. FT.(above ground) 





Fig. 7. 


VARIATION OF GUST FREQUENCY WITH ALTITUDE, 





but increase in frequency, reaching (in the case I 
have in mind) about 1,800 reversals a minute. So 
much for the fatigue of wheels during take-off. Due 
to the inequalities of the surface over which they roll, 
accelerations or jolts will be transmitted to all parts 
of the structure. 


At the moment the machine begins to move, the 
upper portion of the wing structure will be in tension, 
but when airborne, the reverse will, of course, be 
the case. The jolts arising from the inequalities of 
the runway, have on several occasions been sufficient 
to produce such variations in the stresses of the wing 
structure as to cause fatigue failure in the portion 
loaded in compression in flight, i.e., the upper side. 


For the moment, so much for the repeated stresses 
arising when the aircraft is moving on the ground. 
What happens when it becomes airborne? It is 
subjected to fatigue producing stresses of five 
different kinds, which may be simultaneously imposed 
on each other. These stresses may be produced by :- 


(i) the use of the controls; 


(ii) the vibration of parts at their natural 
frequency, engendered by passage through the 
air ; 


— 


(iii) the unbalanced forces from the power plant 
and/or from the jet stream ; 
(iv) the pressurisation of the fuselage ; 


(v 


— 


the turbulence of the air through which the 
aircraft flies. 


I will now refer to merely two categories of stress : 
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those arising from turbulence of the atmosphere and 
from pressurisation, 


In Fig. 7 a most important fact is revealed —flying 
high is the best way of avoiding turbulence and, 
therefore, structural fatigue. Fig. 7 shows the average 
frequency of gusts in Southern England of 10 feet/ 
second and over from ground level to 40,000 feet. 
When flying at 5,000 feet, such a gust is encountered 
about once every 18 miles; at 10,000 feet, this 
distance is increased to 50 miles ; at 20,000 feet, it 
becomes 350 miles ; and at 40,000 feet, it is increased 
to 1,800 miles. Parenthetically, I would criticise the 
custom of dealing with this matter in terms of height 
above sea-level ; scientifically, it would surely be 
better to use vertical distances above or below the 
tropopause ? 


The foregoing constitutes one very good reason for 
flying high. Fig. 8 discloses another, wherein the 
relationship of atmospheric density with height is 
shown. Since for gusts of equal size and velocity the 
loads arising from them will be proportional to the 
density of the air of which they are composed, from 
the point of view of reducing the fatigue of aircraft 
structures, there will be an additional advantage in 
flying high. To take an example, for gusts of equal 
velocity and of similar form, the load engendered at 
40,000 feet will be only one-quarter of what it would 
be at ground level. 


Combining the information contained in the last 
two Figures allows one to say that at 40,000 feet one 
experiences only 1.0% of the gusts at 5,000 feet, and 
that one of these would only impose about 28° of the 
load to which it would give rise at the lower altitude. 
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To condense what I have written at too great length 
into three, perhaps too short, sentences :- 


(i) to obtain the longest working life from an 
aircraft, it should be flown at the greatest 
practicable height; 


(ii) ideally, one should fly above the tropopause; 


(iii) since, however, this is at some 25,000 feet above 
the Poles and over 60,000 feet above the 
Equator, what is ideal is not invariably 
attainable. 


I have given some striking advantages which can 
be gained from flying high but, in aviation, as in 
other fields of human activity, Chalmers’s oft mis- 
quoted maxim — “ What you gain on the swings you 
lose on the roundabouts ” — applies, and applies with 
a vengeance (incidentally, this misquotation is better 
than the original, which is very often the case). Flying 
high necessitates pressurisation of the fuselage, so, 
superimposed on all the fluctuating stresses en- 
gendered by flight, it has to withstand a steady tension 
one, due to the difference between its internal and 
external pressure —at 40,000 feet this would be 
about 8 lb/in®. Production engineers may not con- 
sider this steady tension load arising from pressurisa- 
tion as a serious augmentation of the aircraft fatigue 
problem. However, it undoubtedly is one, for the 
mean of many of the fluctuating stresses imposed on 
the fuselage will, as a consequence, be a tension one. 


Fig. 9 shows how adverse is the influence of a mean 


tension stress on one of the current wrought 
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aluminium alloys, much used in aircraft construction. 
If the mean stress is zero, this alloy has a 10° 
endurance limit of over 20,000 lb./in? ; if the mean 
stress is 22,400 lb./in*, which is well below the elastic 
limit of the alloy, it falls to about 16,000 Ib./in? ; 
and if the mean stress is 44,800 Ib. /in?, which is well 
below the 0.1°/, proof stress of the alloy, the 10° 
endurance limit falls to a mere 5,000 Ib./in?. I might 
add that the lack of success obtained some 15 years 
ago by British propellers made of forged magnesium 
alloy was, in part, due to the relatively poor fatigue 
properties of the material when the mean stress was a 
tensile one ; metals, you know, have very different 
ways of reacting to a mean cyclic stress which is a 
tensile one. 

Having looked in a very superficial way at some of 
the flight fatigue problems, let’s come down to earth. 

The transition from being wholly airborne to being 
wholly supported by terra firma can be made almost 
without shock and, therefore, without creating any 
large and rapid change of loading. I can give 
accelerometer records proving this, but I also can give 
evidence to the contrary. 

So much for what is generally the touch-down — 
subsequent repeated loads will be comparable with 
those which occur during take-off, but their frequency 
will decrease and their magnitude increase as the 
speed of the machine decreases. There is, however, 
one further point which has to be made with regard 
to landing: at landing, the aircraft possesses very 
considerable kinetic energy (I am thinking of some 





The variation of relative density with height. 
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120,000 lb. moving at 100 m.p.h.). Unless the 
machine has some reverse thrust device, much of this 
energy has to be absorbed by the brakes — it is, of 
course, converted into heat and is eventually largely 
transferred to the wheels ; thus, as far as the fatigue 
problem is concerned, that of the wheels is greatest 
during taxiing from the runway to the point of dis- 
embarkation — a distance which is _ frequently 
measured in miles and often traversed over rough 
routes — the greatest enemies of civil aviation are the 
mismanagers of civil airports. The airplane is, of 
course, a flying machine. This leads those not closely 
associated with it to overlook the fact that it is a 
more than somewhat clumsy land vehicle, suggesting 
to me, in its perambulations, the gracelessness of the 
most awkward of sea-lions when out of water. 


With the most numerous type of civil aircraft, the 
inter-city machine, the taxiing and take-off running 
amounts to at least 1°4 of the distance it covers 
in the air. This is not perhaps an immediately im- 
pressive figure but, since the contemporary inter-city 
machine is expected, in its working life, to fly for 
a total of 30,000 hours, at a speed of about 300 miles 
an hour, its elephantine body has to be pushed along 
the ground, under a variety of conditions, for about 
90,000 miles. This, in terms of land or sea transport, 
is no inconsiderable distance. 


So far, I have written as a ‘ tabloid historian’ and 
as a ‘ pseudo-engineer ’. I am now going to give you 
a brief account about some physical-metallurgical 
aspects of fatigue and, though their name is legion, 
I am going to deal with but three of them :- 


(a) stress concentrations ; 
(b) scatter in fatigue test results ; 


(c) influence of built-in stresses. 
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Stress Concentrations 


The vast majority of several thousand papers 
relating to fatigue support their conclusions on the 
basis of experimental results derived from unnotched 
testpieces. This information is, however, of little 
value to the engineer ; if it be true that you cannot 
make a silk purse out of a sow’s ear, then an equal 
measure of veracity must be given to the dictum that 
you cannot design a mechanism or structure without 
stress concentrations. 


To revert to the two airframes of the structural 
materials to which I initially referred — both these 
contain more than a million rivets, each one of which 
gives rise, not only to more than one stress concentra- 
tion, but to more than one localised residual but 
indeterminate stress. Fig. 10 is relevant — it shows 
the influence of stress concentrations on the fatigue 
endurance of testpieces made of the wrought 
aluminium alloy 75S-T6. When the Inglis stress 
concentration is one — that is to say, the testpiece is 
unnotched, the 10’ endurance is about 14 tons/in? ; 
when it is 3.25, the 107 endurance falls to 
about 8 tons/in?; and when it is 20 or above 
the 10° endurance is about 5  tons/in? which 
is something like one-seventh of the  alloy’s 
0.1% proof stress. I would particularly draw 
attention to the fatigue resistance when the 
stress concentration is about three. I do this because 
A. O. Payne has carried out in Australia a truly 
remarkable experiment by fatigue testing, not 91 
Wohler or 91 Haigh testpieces, but 91 complete wings 
of “ MUSTANG ” aircraft. Amoi.gst others, he draws 
the very interesting and important conclusion that 
such a structure has a fatigue endurance comparable 
with that of a notched testpiece, made of the same 
alloy having a theoretical stress concentration some- 
what greater than three. 
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There is yet another aspect of this multi-faceted 
problem — the increase in stress concentration which 
can arise during the life-time of an aircraft. This 
may be caused by corrosion, with or without its sub- 
variants, stress corrosion, corrosion fatigue and contact 
corrosion. Such concentrations may also be brought 
about by erosion and by abrasion, which last word 
is intended to include fretting. 


An aeroplane, whether it be at rest or in flight, is 
ever exposed to corrosive conditions of varying degree 
of intensity. At ground level or perhaps better, at 
sea level, it is in contact with moist air, not in- 
frequently containing detectable amounts of salt. Such 
air, of course, goes throughout the aircraft where, 
depending, inter alia, on the measure of protection 
provided, it may prove to be an active corrosion 
agent, giving rise to pits or to inter-crystalline valleys 
from which, under the influence of repeated stresses, 
cracks may start. 


Within the fuselage of a pressurised aircraft, which 
normally flies below the tropopause, there are great 
possibilities of corrosion and, therefore, of stress con- 
centration of a high order. The passengers and crew 
breathe the air they are so generously given — they 
get about 14 lb. per head per minute. Unconcernedly 
and without any expression of gratitude, they return 
it to circulation, but in a far worse condition. It is 
more than shop-soiled. They have added both 
moisture and carbon dioxide. The former, containing 
some of the latter in solution, condenses possibly as a 
pleasing opalescent film on the inner surface of the 
hull. From here it runs down to become, not a few 


Fig. 10. 





STRESS CONCENTRATION FACTOR. 
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cubic centimetres, but possibly sloshing gallons of 
revolting chemically active liquid, capable of pro- 
moting one or more types of corrosion. No wonder 
an American airline executive has said, with his 
countrymen’s aptitude for a phrase, that while most 
passengers appeared to be persons of good heart, 
without exception, they all seemed to have bad 
breath. 


Whether an aircraft normally flies above or below 
the tropopause, there is yet another way in which 
water may get within the machine and thus, by 
chemical means, produce that physical abomination, 
a stress concentration. When flying through rain 
(which is a low altitude phenomenon) at speeds 
measured in hundreds of miles an hour, the liquid 
is strongly penetrant, so some water may be driven 
into the aircraft. Here it may add to corrosive liquid 
already there, or, should the interior of the fuselage 
be dry, as it generally is with a machine normally 
flying in the stratosphere, then it may _ initiate 
corrosion. ‘This statement perhaps requires a word 
of explanation, Since rain is merely condensed water 
vapour, it might be thought to be of little consequence 
from the corrosion point of view. This, however, is 
not so. Due to absorbing oxides of nitrogen, produced 
by thunderstorms, or from the vapour condensing on 
airborne particles containing water soluble salts, it, 
particularly in the tropics, often contains substances 
capable of promoting corrosion. 


Abrasion produces stress concentrations in pro- 
peller blades. This has long been a most serious 
problem, particularly with military craft, for these 
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Fig. 11. 


often take-off in formation, when dust, grit and small 
stones, thrown up from the runway by one machine, 
strike the propeller, the rotational tip speed of which 
may be as high at 600 m.p.h., of a following one. 
Further, since both in airframe and engine there 
are many close fits and there is also vibration, fretting, 
which, of course, produces stress concentrations, 
occurs unless very special precautions are taken. 


Scatter 


It will be known to those who work or have worked 
in test-houses or research laboratories that as far as 
the static properties of alloy or of wrought aluminium 
alloys are concerned, the variation in the same batch 
is generally small, say, 3-5. With the fatigue 
endurance of these and of other metallic materials, 
this variation or scatter is vastly different. Fig. 11 
shows this in relation to unnotched rotating beam- 
testpieces of the wrought aluminium alloy 14S - T6, 
and the experimental results are plotted in two ways. 
In both graphs the stress scale is linear but, in the 
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upper one, the endurance scale is logarithmic and, 
in the lower one, it is linear. Both tell the same story 
but perhaps with varying degrees of lucidity ; some 
have difficulty in appreciating log plotting, but it is 
quite untrue to say that this is because they have 
wooden heads. Anyway, when the maximum stress 
was + 50,000 lb./in*, the ratio of maximum to mini- 
mum endurance was 7.8 to 1, and when the maximum 
of the repeated stress was reduced to + 21,000 Ib. /in’, 
the ratio was 48 to 1 — many further examples of 
this tremendous scatter at low stresses could be cited. 


This large range in results obtained at low stresses 
may suggest that testing a few identical aircraft 
structures is of litle value —this is really not so. 
N.A.C.A., Australian and other experiments have 
shown that realistic testing of aircraft structures does 
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not give very great scatter in results ; this is because 
such testing, due to the millions of stress concentra- 
tions, gives rise to relatively high stresses. 

The admitted scatter obtained when subjecting 
aluminium alloys to repeated stress to which I have 
drawn your attention, may make some who still look 
upon aluminium as “electrified dirt”, suspect that 
steel would give more consistent results —I doubt 
this. I now wish to draw your attention to some very 
interesting experimental results for which I am in- 
debted to my friend, H. H. Burton, of The English 
Steel Corporation. The experiment involved dividing 
on one of the planes of symmetry a portion of a 
forged heat-treated alloy steel crankshaft, as will be 
seen in Fig. 12. From one of the halves, tensile and 
impact testpieces, located as shown in the Figure, were 
cut out and tested. From the other, fatigue testpieces 
were taken as indicated. On testing the tensile test- 
pieces, the difference in yield point between the lowest 
and highest was approximately 10% ; the location of 
these testpieces is also shown in Fig. 12. Turning now 
to fatigue testpieces, these were subjected to a cyclic 
torsion stress approximately 0.4 tons/in? above the 
fatigue limit of this steel when tested in this way. 
The relative positions of the most and least fatigue 
resistant testpieces are indicated. They are similar 
to the tensile ones. Their test results are, however, 
most impressive— the specimen at location ‘K’, 
broke after less than 400,000 stress cycles of the 
magnitude indicated — that at ‘D’ was unbroken 
after almost 15,000,000 cycles of the same stress. 





THE INFLUENCE OF HEAT TREATMENT IN 
RELATION TO THE SEQUENCE OF 
MANUFACTURING OPERATIONS ON NOTCHED 
SPECIMENS FROM A LIGHT ALLOY FORGING. 


(Annular Notch, depth 0.04 in., included angle 45° 
and root radius 0.01 in.). 





Method of Manufacture of 
Notched Specimens. 


Fatigue-Endurance 


Tons/in? after 50 x 10® Cycles 


D.T.D. 150. 
(naturally aged) 





(1) Wholly machined (in- 
cluding notch) from 
fully heat-treated 
forging. 

Machined to diameter 
from fully heat-treated 
forging re-heat treated 
and then NOTCHED. 


(3) Wholly machined (in- 
cluding notch) from 
fully heat-treated 
forging and THEN RE- 
HEAT TREATED. 
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Fig. 13. 


SPECIMENS PRELOADED. 
O IN TENSION TO 90% OF TENSILE STRENGTH. 
O IN TENSION TO 70% OF TENSILE STRENGTH. 
© IN TENSION TOSO% OF TENSILE STRENGTH. 
@ IN COMPRESSION TO 5Cl, OF TENSILE STRENGTH. 
@ IN COMPRESSION TO 70%,OF TENSILE STRENGTH. 


@ IN COMPRESSION TO 9C0°%,OF TENSILE STRENGTH 
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EFFECT OF PLASTIC DEFORMATION IN TENSION 
ON THE FATIGUE RESISTANCE OF ROTATING 
CANTILEVER SPECIMENS MADE FROM SOME 
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To summarise the significance of Templin’s 
(Fig. 11) and Burton’s (Fig. 12) quite comprehensive 
experiments is this :- 


(a) variation in resistance to repeated stresses of 
identical specimens from the same batch or 
even piece of material is high in comparison 
with that in the material’s ‘static mechanical 
properties ; 


(b) the variation in resistance to repeated stresses 
is greatest when the magnitude of the repeated 
stresses is low as compared with the material’s 
static ultimate stress. 


Built-in Stresses 


I can but briefly draw your attention to what is a 
very large subject — built-in stresses. These can 
arise by accident or design and, depending on their 
nature in relation to the working stresses put upon a 
part containing them, may either increase or reduce 
its fatigue resistance. Fig. 13 shows the endurance of 
test pieces made from a fully heat treated alloy which 
would be very largely free from residual stresses; those 
heat treated after machining would have surface 
compressive stresses but, due to the subsequent cutting 
of the notch, these would be partly relieved ; and 
finally, those heat treated after all machining, 
including the cutting of the notch, would have the 


highest surface compressive stresses and, as will be 
seen, the highest fatigue resistance. Though doubtful 
as to whether metals are mentally bright, they can 
do some simple arithmetic and = so _ react, 
in a befitting manner, to the algebraic sum of the 
stresses imposed on them. 


Fig. 14 shows the influence of residual stresses 
induced by plastic deformation on the fatigue 
resistance of notched wrought aluminium alloy test- 
pieces — the beneficial influence of residual com- 
pressive stresses is clearly shown. The notched test- 
pieces having been pre-loaded in tension will contain 
residual compressive stresses at the base of the notich; 
this, of course, increases its fatigue resistance. On 
the other hand, if pre-loaded in compression, the 
residual stress in the critical area is a tension one. 


A further experiment, showing the benefit which can 
be obtained by the application of loads giving rise to 
residual compressive stresses, should be mentioned. 
Heywood of the Royal Aircraft Establishment, testing 
identical wrought aluminium alloy parts, under a 
nominal fatigue stress of 7.1 + 2.7 tons/in?, found 
that the application of a single overload of 17.7 tons/ 
in*, a stress well above the original elastic limit of the 
alloy, once every 20,000 cycles increased the fatigue 
life of the part from about 80,000-770,000 cycles or 
almost tenfold. 


Before I leave this question of residual stresses in- 
duced by initial plastic deformation, let me emphasise 
that its beneficient influence generally only operates 
when there are stress concentrations, and Fig. 15 
shows this. The term ‘ overstrain’ here means per- 
manent stretch, and stretch in excess of 3°/, appears 
to reduce the fatigue resistance of the three well 
known wrought aluminium alloys L.1, D.T.D. 363 and 
364. 


So much for an all-too-wandering and, in parts, 
too condensed a tale; in early days, fatigue was not 
recognised as an aircraft problem—today and long 
before today, it has been so recognised. It has not 
been eliminated, but it is becoming increasingly less 
dangerous because it is becoming increasingly 
understood. 


In 1955 (only a little over half a century since the 
first aircraft powered flight) some 69,000,000 passen- 
gers were carried by the civil air lines of the world, 
an average length of journey of 559 miles. With 
sincere regret, it has to be admitted that, of this vast 
company, #08 lost their lives, and some of these 
fatalities must be attributed to fatigue. To use Presi- 
dent Lincoln’s immortal phrase: “ We must highly 
resolve that these dead shall not have died in vain.” 

















REPORT AND DISCUSSION 


Chairman: Professor E. 


The Chairman: First, I would like to 
take this opportunity, on behalf of the University, 
to welcome you here. We like to see you coming 
here each year. We are now probably the largest 
aeronautical school in the country, and we like to 
see aeronautical people in the area. 

Secondly, it is with great pleasure that I welcome 
Major Teed. The theme of the Conference is “ New 
Materials — New Methods”, and whenever you 
mention the words “new materials”, you auto- 
matically think of Major Teed. He is an authority 
on topics relating not only to light alloys, but to 
alloys of other categories and at the extreme 
conditions of high and low temperatures. Apart 
from that, he is a person who can discourse sensibly 
and simply about the most complicated things. 

When you talk about new materials, the biggest 
problem of all, probably, will be vibrations and 
thermal stresses, and so the topic chosen for this 
afternoon, relating to the fatigue of materials, is of 
very considerable interest to all. 

Major Teed trained as an engineer at Imperial 
College and the Royal School of Mines, and also 
trained as a barrister. So not only can he get 
into trouble, but he can get out of it. Indeed, having 
lunched with him for some six years at Vickers, 
I can assure you that he is a real wizard at getting 
out of it! I welcome Major Teed on such a very 
important topic as the “Fatigue of Aircraft”. 


In introducing his previously circulated Paper 
(which appears on pages 154 - 164), Major P. L. Teed 
both emphasised and amplified its main points. While 
admitting the reality of the aircraft fatigue problem, 
he contended that it could only be solved by effective 
collaboration between aircraft designers, maintenance 
engineers, airline operators, pilots and last, but 
certainly not least in his estimation, production 
engineers. 

In aircraft design, Major Teed commended the 
“fail safe’ hypothesis, where this was applicable. 
Where it was not (and he gave a helicopter blade as 
an example), the design should be based on obtaining 
a long fatigue life, even though this would involve an 
increase in weight. To maintenance engineers, he 
appealed for rigorous and regular inspection. To 
airline operators he emphasised the great importance, 
from the fatigue point of view, of flying high and 
of operating from the smoothest possible runways. 

On pilots he impressed the desirability of the 
slowest rate of manoeuvre compatible with naviga- 
tional safety. Further, Major Teed called for slow 
descents from high altitudes. Coming down fast, he 
contended, was comparable with driving a car 
at speed along a road of ever increasing bumpiness. 

Turning to the part to be played by the production 
engineer, which he contended was a most important 
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one, Major Teed indulged in a Euclidean dictum :- 

“Components made in conformity to the same 

drawings from material to the same specification 

and even from the same sheet or bar, do not 

necessarily have the same capacity to withstand 

the same number of repeated stresses of the 
same magnitude.” 


The remainder of the speaker’s introduction was 
devoted to examining in some detail the causes 
contributing to the above perplexity. In particular, 
he gave marked attention to the great significance 
of such seemingly simple but actually very complex 
matters as surface finish, residual stresses, grain size 
and the presence of inclusions. 


Mr. R. E. Mills, M.1.Prod.E., A.F.R.Ae.S. 
(Specialist Designer (Mechanical), A. V. Roe & Co. 
Ltd.): In your Paper, you have mentioned surface 
finish in the form of highly polished, not so highly 
polished, less highly finished, and so on. I appreciate 
the limitations of the British Standard method, but 
in view of the obvious far-reaching effects of finish, 
I should like to know whether you have a more 
scientific method of determining surface finish that 
we should be able to use as a yardstick. 


Major Teed : I am very grateful for that question. 
The answer is “No”. At present the position is 
unsatisfactory — further, I ought now to say some- 
thing that I cut out of my introductory remarks 
because time was getting on. There is one perplexing 
thing about surface finishes. The best, from the 
point of view of smoothness is, I suppose, that 
obtained by electrolytic polishing. It does not, 
however, give you the best surface for resisting 
fatigue. With this queer exception, the smoother the 
surface from the British Standards aspect, the better 
it is for fatigue resistance. Electro-polishing, per se, 
does not give the best surface for this purpose. 


Mr. R. G. Wilkinson, B.Sc. (Development 
Manager, Magnesium Elektron Ltd.) : The old racing 
motorist used to polish his front axle until it shone 
in the sunlight on the track. This is said at times 
to have shown him that fatigue cracks were 
developing. I think it far more likely that, as a 
result of bitter experience, he found, perhaps by 
chance, that if he polished his front axle with loving 
care the fatigue cracks would be later in developing. 


Major Teed : That is very true indeed. Polishing 
would have a very good effect. It would remove 
some of the surface stress concentrations which were 
there. Further, all mechanical polishing seems to 
leave residual compressive stresses, so such polishing, 
if directionally well conceived, tends to reduce the 
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applied tension stresses and thus to_ increase 
endurance. 


Mr. J. Gregson (Development Engineer, The 
Fairey Aviation Co. Ltd., Stockport): With regard 
to the machining of forgings and the effect on fatigue 
strength of later heat treatment, Major Teed raised 
the question of what stage in the machining process 
heat treatment should be carried out. If prior to 
machining, you have a high degree of internal stress, 
and if after machining, distortion takes place which 
gives rise to pre-stressing on being built into the 
airframe. It does not seem fair that e:ther of these 
problems should be the sole prerogative of the 
production engineer. Is it not the heat treatment 
process itself that is at fault, and should not more 
effort be made to improve this process ? 


Major Teed : I have known great benefit derived 
from heat treating after final machining of 
symmetrical parts, particularly parts having one very 
long dimension with a small transverse one. If you 
plunge such a part with its long dimension at right 
angles to the surface of the quenching medium, you 
get no distortion, but, this is important, you get 
surface compressive stresses. If you plunge the part 
horizontally into the quenching medium, it goes 
banana-wise, and you either scrap it or rectify it and, 
if you adopt the latter course, you put in quite 
unknown residual stresses. I have known a large 
number of parts which have been heat treated in the 
machined state and have thus derived a great increase 
in fatigue resistance. The result depends on the 
shape of the part, and whether you exercise that 
uncommon quality, commonsense, with regard to 
the quench. 


Mr. Gregson : Would you care to say anything 
about the effect of hot water quenching on forgings ? 


Major Teed: You have to use hot water 
quenching with some massive forgings. During the 
transition of such forgings from the plastic to the 
wholly elastic state, you must try to eliminate getting 
such high internal tensile stresses as to produce dis- 
continuities or cracks. That is one of the things 
which is of paramount importance. 


Mr. J. C. King (Assistant Chief Engineer 
(Development), The English Electric Company 
Limited, Aircraft Division, Warton): I should like 
to ask a question and also mention a quite exceptional 
built-in stress which we found during the past year, 
as this is an opportunity to describe the stress to a 
distinguished gathering who will, I hope, pass on 
the information. 

A fitting, Fig. 1(a), containing several bolt holes, 
failed due not to fatigue, but to stress corrosion caused 
by built-in stress. On other aircraft it might have 
led to fatigue failure. It might be said at first sight 
that the mating part did not fit correctly at ‘X’ 
(Fig. 1(a)) and gave rise to a tensile stress in the 
direction ‘L’, but that was not so. If that had been 
the case, one would have caused a crack running 
across the cleat, but the cracks occurred running 
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between the holes on the inside face. (See Fig. 1(b).) 
The grain was in the direction indicated and hence 
our cracks ran along the grain, indicating a cross- 
grain stress which is known to give rise to stress 
corrosion failures. Eventually, we found that it was 
due to a bolting-up stress which was measured by 
putting two perfectly fitting pieces of metal in the 
gap as illustrated in Fig. 1(c). We inserted a 3” strain 
gauge, and with a reasonable torque amounting to 
only about 75%, of the ultimate failing torque of the 
bolt, we measured a stress of about 20,000 lb./sq. in. 
This was a mean stress over the area of the strain 
gauge and not the maximum stress in the metal, which 
would be the peak stress causing the failure. This 
stress was solely due to the local tightening effect and 
not due to any true bending of the legs of the 
fitting. ‘ 

You will appreciate that there are numerous places 
in aircraft where fittings of this type are used and on 
many of these you can, no doubt, get high stresses 
due to local distortion of the fitting as it beds into the 
material underneath. Our tests showed that these 
local stresses can be very high indeed. 

The question that I wish to put to Major Teed is 
this. Will you be so good as to tell us how, in your 
firm, you deal with the specification of all these 
special processes needed for quality control ? Do 
you put all your drawings through a specification or 
quality control section ? Is that under design or the 
works ? Or do you train your planning engineers to 
know all about fatigue, surface condition and 
quenching, or do you leave it to your draughtsmen ? 


Major Teed: I am not very certain of the 
answer, but I think it comes from what should be 
called your technical office. They cannot review 
every case, but difficult ones must be referred to it. 
This office then specifies a method of assembly to 
reduce dangerous residual stresses. I think, however, 
that very often the technical office only comes in 
after there has been a failure, for surely it is true 
of all of us that we learn more from experience than 
from forethought ? 


Mr. F. C. Bartlett (Production Director, Heath- 
way Engineering Co. Ltd.): Last year I suggested 
that industry should standardise its tooling, and made 
a suggestion about a general method of layouts. 

It would appear from what we have heard that 
there is great importance to be attached to surface 
finishing and, by and large, it is confined almost 
entirely to the aircraft industry. Would it not be a 
good idea for the industry itself to make sure that 
it has the equipment necessary not only for making 
the surface finish, but also for measuring it ? The 
answer given to Mr. Mills gave me the impression 
that at the present moment that does not exist. 


Major Teed : I entirely agree. In the best of all 
possible worlds, in which I scarcely think we are at 
present living, we could do much better than we are 
doing. The British Standards Institution is making 
slow progress in improving the definition of the 
technique that can be used. We have got to do 
research and let the Institution know the results. It 
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is a slow build-up, but it is well worth the effort — better fatigue value. I should like Major Teed to 





laissez faire may be politically justifiable but, in the 
technical field, it is invariably disastrous. 


Mr. L. G. Burnard, M.I.Prod.E., A.F.R.Ae.S. 
(Chief Development Engineer, Vickers-Armstrongs 
(Aircraft) Ltd.): Would Major Teed give us a short 
dissertation on the value of the various methods 
of producing an adequate surface finish ? There are 
many methods open to us. We can use a polishing 
bob, ordinary emery cloth, barrel finishing or vapour 
blasting. Vapour blasting seems to give an apparently 
worse finish than some of the other techniques, but 
at the same time it may, and often does, give a 


give us some of his ideas on these methods of pro- 
ducing surface finish. I wonder whether he could tell 
us whether, when a metal fails, it fails through the 
crystal or around the crystal boundary. That is, is 
the crystal itself weaker than the bond between the 
crystals ? 


Major Teed: We have two 64-dollar questions 
here. One I will not attempt to answer — how to 
produce the best surface finish ? In November, 1952, 
the Institute of Metals had a symposium on the 
influence of surface finish. This is a very good 
publication and is really worth reading. I cannot 
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give you a synopsis of it in two or three sentences, 
but I do tell you that much can be learnt from it. 

With vapour peening, you destroy the benefit of the 
surface to some extent, but there is a countervailing 
compensation — you put in surface compressive 
stresses. Thus, you reduce the significance of the 
subsequently applied tensile ones. 

With regard to the manner of failure of the metal, 
it depends what its temperature is in relation to its 
melting point. If a metal is near to this, it generally 
fails through the inter-crystalline boundary. If, on the 
other hand, it is a very considerable number of 
degrees below its melting point, it fails across the 
crystal. But there are one or two metals which 
structural engineers do not use, such as lead and 
bismuth, which are exceptional. These do not fail 
through their crystals but through their inter- 
crystalline boundaries. If there is a_ corrosive 
atmosphere, then conditions with the engineering 
metals are markedly altered. Corrosion may produce 
a stress concentration by leaching out the inter- 
crystalline boundary. There is thus an inducement 
for the metal to fail where it would not normally 
fail, had no chemical action taken place. This 
sort of thing sometimes happens in the case of the 
aluminium-zinc-magnesium-manganese-copper alloys, 
and with many others. 


Mr. L. J. Bolton (Production Superintendent 
(Hydraulics), Sperry Gyroscope Co. Ltd.): Would 
Major Teed tell us whether he has any experience 
of the cyclic deep freezing of steels from the point 
of view of increasing the fatigue strength ? I believe 
that the Americans have done a lot with this treat- 
ment, and I understand that they have had success 
in increasing the fatigue strength in the case of the 
higher grade steels. 


Major Teed : [ have had no practical experience, 
but I have read a certain amount about it. I 
understand that if you take some ferritic alloy steels, 
which have retained austenite, down to a very low 
temperature and keep them there for some time, when 
they come back to room temperature, they generally 
have an increased fatigue resistance, due to an 
austenitic-martensitic change. At low temperatures, 
heat-treated ferritic steels always have much 
improved fatigue resistance and this is, to some 
extent, not wholly lost on coming back to room 
temperature if there has been a gamma-alpha trans- 
formation. 


Mr. W. S. Hollis, B.Sc.(Eng.), A.F.R.AeS., 
M.I.Prod.E. (Assistant Director, Aircraft Production, 
Ministry of Supply): Referring to the Templin 
diagram, Major Teed showed that a considerable 
plastic strain, tensile compressive, would increase or 
decrease the cyclic life. If extensive plastic strains 
persist, we know by the constant volume principle 
that these strains, increasing or decreasing the dia- 
meter at the notch, will alter the principal stresses 
in the area. In the case of considerable compressive 
stresses involving considerable compressive deforma- 
tion in the plastic stage, followed by a reversal of the 
stress, the resulting plastic deformation continues 
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rapidly and the ultimate tensile loads drop off. Is 
there an analogy between the elastic strains that 
are applied in the frequency tests and the plastic 
compressive or tensile strains which are applied 
previously ? 


Major Teed : I do not think I know the answer 
to that question. If your applied stresses are really 
elastic, then the effect is surely merely the sum of 
the residual stress and the instantaneously applied 
stress. But if the applied stress produces further 
plastic deformation, heaven knows what the answer is. 

There is this remarkable fact, that if you put a 
high initial upward load on the wing of a bomber or 
transport plane — well over 75% of its failing load — 
its fatigue life, under flying conditions, is always 
increased. You have produced a certain amount of 
plastic flow, and thereby reduced to some extent the 
significance of high stress concentrations and some 
residual stresses. 


Mr. Hollis : In conjunction with a number of 
aircraft firms, we are doing a series of cyclic tests of 
titanium bolts, and the stress range selected is tensile. 
We want further to this to introduce a rapid method 
of production examination of materials prior to 
manufacture, that is, examination of titanium stock 
from the fatigue aspect before we start on manu- 
facture generally. We have been examining in a 
preliminary sense ultrasonic fatigue testing. 
Ultrasonic testing will take us into the heat range, 
and that will require cooling of the specimens. The 
nature of induced vibrations will give zero mean 
stress. Do you think there is any real significance 
in testing components, or the material from which 
components will be made, under nearly the same 
conditions as those to which they would be subjected 
during their life, or will the simple reversal of stress 
be sufficient to give a general estimation of the 
material itself ? 


Major Teed: I should think the latter will 
probably be good enough. 


The Chairman: I know full well that the 
discussion could go on for a very long time, but I 
am afraid that I must now bring it to an end. 

On your behalf and on my own behalf, I should 
like to thank Major Teed for his Paper. He very 
wisely confined himself to certain aspects of the 
fatigue of metals. We ourselves are very much 
involved in the case where you have not a nice simple 
fluctuating load but a random set of loadings coming 
on, and there the whole problem of accumulation 
and accumulated damage laws is very difficult to 
ascertain, but it looks very much as if the whole of 
the aircraft, in the case of supersonic aircraft, will 
be subject to possibilities of fatigue in the future. 
You are, along the boundary layer, shaking the air- 
craft along its whole length, and the jet is doing the 
same. We might well at some later meeting of this 
Institution go on to that theme, and also we might 
well have Major Teed here to do a repeat 
performance, as all good artists are expected to do. 


The vote of thanks was carried by acclamation. 
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NUMERICAL CONTROL OF MACHINE TOOLS 
IN AIRCRAFT MANUFACTURE 





Mr. Puckle. 


HE Paper opens with an historical description of 

the application of numerical contro] to machine 
tools followed by a definitive explanation of the term, 
an account of the various machines available and 
the work already done with their aid. The types of 
work for which numerically controlled machines are 
now in course of development is next discussed, to- 
gether with a brief description of a numerically con- 
trolled skin miller. This is followed by some opinions 
as to the advantages to be gained by the use of 
numerical control. 

The Paper ends with appendices on the types of 
machine tool control, the EMI analogue system, some 
of the mechanical problems of machine tool design 
and the problems of programming. 


HISTORY 


Much work was done, during the War, on the 
servo positional control of guns and searchlights by 
signals received from radar systems, and it was in- 
evitable that engineers and physicists should search 
for means of applying the new techniques developed 
for these purposes to the arts of peace. Unfortunately, 
it is a fact that there is still a need for using these 
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techniques to further the arts of war. One result of 
these endeavours, which is, as yet, only in its infancy, 
but likely to assume tremendous importance in the 
future, is the electronic numerical control of machine 
tools. 

The first system to be demonstrated was developed 
by the Massachusetts Institute of Technology. ‘The 
control system was applied to a Cincinnati “Hydrotel’”’ 
milling machine and was put into operation in 1952. 
The equipment served to show the possibilities of 
machine tool control but it was rather slow in opera- 
tion and it took too long to prepare it for action. 


Since the M.I.T. system was produced other 
systems have been developed and made by EMI 
Electronics Ltd.; Giddings and Lewis Machine Tool 
Company (Numericord); Cincinnati Milling Machine 
Company; Ferranti Ltd.; Bendix Aviation Corpora- 
tion; North American Aviation Corporation (Numill); 
and Electronic Control Systems Inc.; while static 
positioning systems have been made by B.T.H.; 
General Electric Co. (U.S.A.); Pratt and Whitney; 
and Arter Grinding Machine Company (Jigomatic) ; 
and “ record and play-back ” systems have been made 
by General Electric Co. (U.S.A.); and Hewittic Co. 
(Paris). 
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The “record and play-back” system was a very 
early method of controlling a machine tool. A first- 
class machine operator cut the part to be made by 
manual control of the machine and the motions of 
the slides were recorded on magnetic tape. By “ play- 
ing-back ” the tape, and feeding the resultant signals 
to servo motors, the original manually controlled 
motions were repeated. 

There have, naturally, been considerable differences 
between these various systems and it would serve 
little purpose to describe them in detail. Instead, the 
system with which my Company has been associated 
will be used as an example to illustrate the possibili- 
ties and advantages of numerical control. The system 
is, of course, applicable to many types of machine 
and to many purposes. 


NUMERICAL CONTROL 


There are many forms of machine tool control. 
Many machine tools have been made to operate 
automatically when once set up; these include, for 
example, automatic lathes and tracing or copying 
machines. We now have a new system of machine 
tool control, known as numerical control, in which 
the machine is given instructions in the form of 
numbers for the motion of the slides and the cutting 
head and it is this information which, when pre- 
sented to the machine, causes servo motors, or servo 
valves, to determine precisely the motions of the 
various parts of the machine. The term “ numerical 
control”, which was coined by the Massachusetts 
Institute of Technology, means simply that the 
motions of the machine are controlled by the injec- 
tion of numerical position information. 

This is a vast step forward in the control of 
machines which will permit more complicated parts 
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Fig. 1. Modified Research Engineers Cam 
copying machine, fitted with numerical 


control. 


to be made more quickly, more accurately and more 
cheaply. It provides a quite fantastic advantage 
which we cannot possibly afford to ignore. 


VARIOUS MACHINES AND WORK DONE 
WITH THEIR AID 


Numerical control was first applied by my Com- 
pany to vertical milling machines, including two- 
dimensional, rotating table, cam millers and two- 
and three-dimensional millers of conventional type 
with leadscrew or hydraulic drive. 

Fig. 1 shows a Research Engineers Cam copying 
machine, modified by the addition of numerical 
analogue control equipment. This machine has 
a slowly rotating worktable which is moved 
sideways with respect to the cutter according to the 
numerical instructions so that a cam or similar part 
may be made, usually with a single rotation of the 
worktable. 

Fig. 2 shows a Cincinnati No. 3 dial type miller 
fitted with control equipment for two-dimensional 
operation. The vertical axis is not controlled. 

Fig. 3 shows a Wadkin Router similarly fitted. This 
has been called a two-and-a-half-dimensional miller 
because the vertical axis control is not continuous. 
The height of the head is controlled in such a way 
that it may be moved to any of three vertical 
positions. Each of these may be positionally preset by 
the adjustment of stops which operate microswitches. 

Fig. 4 shows a Cincinnati sixteen-inch “ Hydrotel ” 
miller fitted with control equipment. Since, in this 
machine, the slides are hydraulically driven, the 
servo-motors are replaced by hydraulic servo-valves 
and cylinders. 

The work done with the Research Engineers Cam 
copying machine includes all sorts of flat cams of 
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Fig. 2. Cincinnati No. 
3 Dial Type Miller fitted 


with numerical control. 


which an example, shown in Fig. 5, was cut in 45 
minutes, including a finishing cut, with an accuracy 
of .0009", the time required for making the 
tape being half-an-hour. The maximum diameter of 
the cam is 10}” and it is made of 3,” stainless steel. 
The manual manufacture of the cam would take 
three weeks. This machine has now been in use 
at the Laurence Scott factory at Norwich for many 
months. 


Fig. 3. Wadkin Router fitted with 


numerical control. 








The Cincinnati No. 3 machines have been used 
for cutting many parts of varied shape, an example 
of which is shown in Fig. 6. This is a lathe template 
and is typical of the work done by one particular 
customer. The templates are made of 4” gauge plate 
and are within + .003” of the expected dimensions. 
with a repetition consistency of + .001”. The machine 
can do work up to 27” X 13”. The cutting time 
for a piece of this type might be 15 to 90 minutes, 
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depending on the cutter and the material, and the 
basic programming time would be about an hour and 
a half, including the reduction of the original drawing 
to a manageable form. Much more programming 
time might be spent to get the best out of the system. 
It is expected that it would require 15 hours to make 
this part manually. 

The Wadkin Router has been used to profile many 
articles, an example being shown in Fig. 7. This is of 
light alloy, 2” in thickness and it is cut in six minutes 
with an accuracy of + .005”", and the programme was 
prepared in four hours. This may be compared with 
12 to 14 hours for making the part by normal 
methods. 

The Giddings and Lewis system was first demon- 
strated in June, 1955. It has been in use ever since 
that time in the actual production of test pieces for 
various aircraft companies, but the most important 
job was the production of horizontal stabiliser panels 
for the North American F-100D Super Sabre. 

The Bendix Aviation Corporation states that it 
entered the field of numerical control of machine 
tools because a division of the Corporation had a 
manufacturing problem to which this field offered 
a solution. The problem was to manufacture proto- 
type models and production masters of three- 
dimensional cams for use in automatic fuel control 
systems for jet aircraft engines. The cams must be 
cut to an accuracy of .001” or .002”. 

Although copying machines were available, the 
production of masters by hand required 200 to 400 
man hours, or a lead time of four to eight weeks. 
Moreover, the design of these cams is based on 
experimental data obtained from engine tests and, as 
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Fig. 4. Cincinnati 16” 
** Hydrotel ” Miller fitted 


with numerical control. 


changes are made in an engine from prototype to 
production models, the cam specifications are likely 
to change. Thus, long lead times on these cams for 
prototype engines could, and did, seriously hamper 
development programmes. 

A numerically controlled machine was built and, 
with this machine, the lead time from design data to 
finished cam has been reduced to less than one week, 
as compared to the four to eight weeks mentioned 
for hand methods. Most of the lead time in the new 
system is consumed in preparing the tape. 

The machine has now been in use on a factory 
floor for just over two years — ever since it was turned 





Fig. 5. Stainless steel flat cam cut on Research Engineers 
machine. Maximum diameter : 104”. Thickness : 3/32". 
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Fig. 6. Gauge plate lathe template cut on Cincinnati 
No. 3 Miller (10” X 33” X 4”). 


over to the division for which it was built. It has 
been operated on a two-shift basis by regular shop 
personnel. 

Numerical position information is recorded, in 
coded form, on punched paper or plastic tape, or on 
punched cards. The work of translating information 
from the drawing to the tape, or to cards, is done 
by a programmer while the machine tool is in use 
on another job and, therefore, the machine can spend 
a maximum of time actually cutting. As an overall 
result, the saving in time, including that required 
to make the tape, can often be from about 60°/, to 
95°/, and, for a further copy from the same tape, 
from about 80°/, to 98°/, depending upon the nature 
of the work though, obviously, there will be examples 
in which the saving, though worthwhile, is much less. 
Another advantage is that the programmer can be an 
expert in the properties of special high stress materials 
and can have expert knowledge of the feeds, speeds, 
tool forms and sizes and the lubricants required for 
machining them. This knowledge can be “ built 
into”? the programme. The machine operator then 
has only the responsibility for keeping the machine 
in good order, for properly fixing the work and 
removing it, and for using the prescribed tool and 


Fig. 8. 
gantry-type Skin Milling 


Cincinnati 


machine. 


Fig. 7. Light alloy experimental piece cut on Wadkin 
Router (10” < 4%” X 3”). 


lubrication. Both time and money are saved because 
the machine, unlike a human being, does not become 
tired. bored or distracted. Moreover, when the lunch 
bell rings or if a tool has to be changed, the operator 
can switch off the machine with full confidence that 
he can start it again in precisely the same position, 
because the action of stopping the machine does not 
remove or destroy any information. 

It is of interest to discuss the reasons why the new 
machines can produce parts more rapidly than is 
possible by conventional methods. When a part is 
machined by conventional methods in which the 
machine tool is operated by hand, without the 
use of masters or templates, the actual time 
spent in cutting metal is only a small proportion of 
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the time during which the machine is occupied in 
doing the job. The majority of the time, apart from 
that occupied in fixing the work to, and removing 
it from, the table, is spent by the machine operator 
in reading the drawing, measuring the work already 
done and making adjustments to the machine con- 
trols. With the new machines, the reading time is, of 
course, eliminated and the machine controls are auto- 
matically and more quickly adjusted. Moreover, 
when profiling, the path of the cutter relates directly 
to the finished pattern, i.e., the metal is removed 
with one or, for better finish, two cuts. Conventional 
machining techniques require each cut to be parallel 
to a slide axis and, therefore, very frequent re- 
orientation of the work is needed, together with many 
cuts. Thus, the use of numerical control, which greatly 
reduces the machining time for each job, means that 
fewer machines are needed. If, on the other hand, 
the part is one which is normally machined on a 
template controlled machine, considerable savings may 
again result. The cost of making a programme and 
the time required in which to do it are likely to be 
much less than that of making and setting up 
templates, particularly if numerical control is not used 
for making the templates. Moreover, the use of 
numerical control avoids the long and arduous job 
of setting up the templates. Thus, the saving of time 
between the provision of the drawing of a large and, 
possibly, complex part and the completion of the 
component concerned can be very great if numerical 
control is substituted for template control. In 
addition, the cost of the control equipment is some- 
times less than that of the template table and its 
associated equipment. 
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WORK FOR WHICH MACHINES ARE NOW 
IN COURSE OF DEVELOPMENT 

EMI is now engaged in developing control systems 
for machines which will be used for making the 
following, and other, components : 

integral wings for aircraft; 

spars and chorc: for aircraft wings; 
gas turbine. blades; and 

ships’ propellers. 

Lathes and many special machines, such as those 
used for machining crankshafts, can also be effectively 
and advantageously controlled and my Company is 
likely to expand its work to include their development. 


Aircraft Wings and Components 

The Cincinnati Milling Machine Company has 
developed a gantry-type skin miller which is primarily 
intended for miiling complete integral wings, but 
which can also make the tips and leading and trailing 
edges, or spars and chords for conventional wings. 
This machine, which has a large template table at one 
side and a smaller one on the other side, is shown in 
Fig. 8. Electronic numerical control equipment is 
being developed by EMI to operate the skin miller. 
It is interesting to note that the cost of the installed 
numerical equipment will almost certainly be less than 
that of the template tables and associated equipment 
which it replaces. The operating costs will also be 
less because the cost of making and setting up the 
templates is very much greater than that of devising 
the programme and punching the cards. 

The work is mounted on a fixture which is itself 
mounted on the table. The fixture can be swivelled 
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Fig. 9. Numerical control system for Cincinnati gantry-type Skin Milling machine. 
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SAMPLE PROGRAMMING SHEET 
SECTION Enp Point oF SECTION INFORMATIONAL| FEED Rapius CuTTER 
-—- - TOLERANCE RATE INCHES Rapius 
x ps Z In./MiIn. INCHES 
START 01.500 01.000 05.000 0.001 0.500 
A B 03.500 01.000 05.000 0.001 50 0.500 
B C 04.556 05.237 05.000 0.001 50 2.250 0.500 
Cc D 01.000 07.128 05.000 0.001 50 0.500 
D E 01.000 01.500 05.000 0.001 50 0.500 
E A 01.500 01.000 05.000 0.001 50 0.500 0.500 
































PROGRAMMED NUMERICAL DATA 


Fig. 10. Sample programming sheet for use with Cincinnati Skin Milling Machine. 


through + 20° and tilted longitudinally through 
+ 2°, or transversely through + 8°. 


Mirror Images 

Milling operations are carried out by means of 
two spindle carriers which are mounted on saddles 
arranged for cross motion, on a travelling gantry. The 
gantry provides the x axis, while the cross motion 
represents the y axis. The motions of the saddles 
are controlled by a single voltage from the machine 
control cabinet. A reversing device may be inserted, 
if required, in the line to either saddle so that the 
saddles may travel in the same direction or in opposite 
directions if a mirror image is required to be made. 
Moreover, the spindle carrier motions can also be 
arranged to be mirror images in the vertical direction. 


These valuable facilities permit right- or left-handed 
skins to be made separately or simultaneously with 
the same programme. In certain cases, male or 
female dies can be made. 


The Numerical Control System 

A block schematic of the numerical control system 
is shown in Fig. 9, from which it will be seen that the 
final programme is recorded on cards and that two 
methods of card punching may be used. In Method 
1, the information taken from the drawing is encoded 
on a paper tape. The coded data relates only to the 
position of junction, or blend, points of curves and 
straight lines and to the radius of each curve, together 
with the feed rates, the cutter radius and the tolerance 
to within which the computer is required to calculate 
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the interpolated data points. This initial programme 
is recorded on tape. A sample programming sheet 
and the drawing to which it relates appear in 
Fig. 10. This figure relates to a two-dimensional part 
for simplicity and clarity. When the tape has been 
prepared, it is fed into the computer which calculates 
the data points after allowance has been made for the 
radius of the cutter. The output information from 
the computer is fed, in the form of electrical signals, 
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to an automatic machine which punches the cards. 
The output from the computer can also be presented 
in tabular printed form, as shown in Fig. 11, which 
relates to the same drawing as that of Fig. 10. The 
computer is not a special one and it may be used for 
other purposes. A typical computer, which is used 
for this work in the United States, is the IBM 650 
Computer. 

In Method 2, the necessary computations are 
carried out with the aid of a desk calculator and the 
cards are punched in a manually operated punching 
machine. 


The Relative Advantages of a Computer and a 
Desk Calculator 

It is difficult to reach any final and indisputable 
answer to the question whether it is better to use a 
computer or a desk calculator, or both. The answer 
depends not only on the amount and complexity 
of the work to be done, but on the personal feelings 
of the programmer and on the way in which the 
information is arranged in the drawing. It also 
depends on whether the calculation is largely arith- 
metic or whether mathematics are required. 

Briefly, the situation is as follows : 

The desk calculator is considerably cheaper than a 
computer but it is also much slower. It is as accurate 
as a computer but it requires human operation, which 
the computer does not, and this reduces its effective 
accuracy. 

A big advantage of having a desk calculator in 
addition to a computer is that, with its aid, small 











4 "y" AX I 
i conteetenieainelieie changes to the shape of a component can rapidly 
POINT CO-ORDINATES 

CARD MIppPoInt Enp Point INTERPOLATOR 
(SPAN) - — —— ———— -— SPEED 
No. PL. Xm Ym Zm Pe. Xe Ye Ze R.P.M. 
No. In. In. In. No. In. In. In. 
I 1.500 0.500 5-000 
I - 2 3.500 0.500 5.000 12.5 
2 3 4-395 0.650 5.000 } 5-193 1.083 5.000 27.4 
; 5 5.806 1.752 5.000 6 6.168 2.585 5.000 27.4 
4 7 6.240 3.490 5-000 8 5.780 4.788 5.000 27-4 
5 | 9 5.158 5-446 5.000 10 | 4.350 5.865 5.000 27.4 
6 . | | 11 | 1.235 7.5609 5.000 7.0 
7 12 0.748 7-557 5.000 13 0.500 7.128 5.000 24.3 
8 | e 14 0.500 .500 5.000 4.4 
9 15 0.793 0.793 5.000 I .500 0.500 5.000 16.0 



































Note: * Indicates straight-line interpolated span. 


No midpoint required. 


COMPUTED NUMERICAL DATA 


Fig. 11. Sample of computed numerical data for use with Cincinnati Skin Milling Machine. 
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be made manually, but it may not be economic to do 
this with the computer. 
is serving several machines and, possibly, also doing 
payroll work, it may be in use when required for the 
small alteration. The desk calculator can then be 
used instead. 


Punched Card Programme 
The information is punched into a series of cards, 
either automatically when using Method 1 or 
manually when using Method 2. Each card includes 
x, y and z information relating to two new data 
points which, together with the last data point on the 
previous card, completes the span information. 
The main numerical controls are : 
x Motion of the gantry; 
y, Motion of saddle No. | across the gantry; 
y, Motion of saddle No. 2 across the gantry ; 
z, Vertical motion of spindle in saddle No. 1; 
z, Vertical motion of spindle in saddle No. 2; 
¢  Swivelling motion; 
8 Longitudinal tilt; 
y Transverse tilt. 


Operation of the Control Cabinet 

The three main co-ordinates which have to be 
dynamically controlled by the apparatus in the 
control cabinet are the x, y and z co-ordinates. 
At the end of each longitudinal cut along the wing, 
the x, y and z channels in the control cabinet are 
switched to the work fixture so that the necessary 
a, 8 and y static information may be computed 
and the fixture swivelled, tilted and hydraulically 
locked in position ready for the next cut. Each of 
the dynamic information channels can be individually 
switched by the numerical control system to function 
in various ways. For example, each control channel 
may be automatic, with or without mirror images, 
manual or fixed. 


Interpolation 

The type of interpolation provided by the 
apparatus in the control cabinet can be numerically 
selected by the punched cards. The interpolation 
may be parabolic for providing curves, linear for 
producing straight lines, or it may be arranged to 
provide uniform acceleration to or from a_ stop. 


Accuracy of the Work 

It is expected that the numerically controlled 
Cincinnati skin millers will work with an accuracy, 
due to all causes, of the order of .010” in the x axis 
for the full length of the table and of .002” in the z, 
or vertical, axis. 


Turbine Blades and Ships’ Propellers 

It has been of great interest to consider the auto- 
matic production of turbine blades because of the 
very small amount of information needed to define 
the complete blade, excluding the root and tip. Many 
designers specify only two sections of the blade, with 
consequently straight line fairing between them, but 
it seems that almost all blades can be described by 
three sections, with parabolic fairing, or interpolation. 


For instance, if the computer 


The sections themselves can be specified by about 
20 points round the edge or, even more simply, basic 
aerofoils may be used in conjunction with camber and 
twist angles. There is, thus, the attractive possibility 
of putting this very limited amount of information 
into a computer and using this same computer to 
produce the tape, or cards, required by the machine 
tool. It is, of course, possible to use any intermediate 
stage but the complete process, as sketched here, 
seems as near the ideal contribution of automation 
to the design of new products as can be conceived. 
A fact worth bearing in mind is that first tests 
frequently show the need for some empiric modifica- 
tion and, hence, a system which can accept small 
manual programme modifications may be very 
advantageous. Moreover, the provision of an auto- 
matic plotting table for sketching basic sections from 
the computed tape, is also advantageous. 

Many of the above remarks apply, with a change 
of scale which does not alter the principle, to ships’ 
propeller blades. 


ADVANTAGES TO BE GAINED BY THE USE 
OF NUMERICAL CONTROL 

It is of great interest to know what a famous 
company in the American aircraft industry thinks of 
numerical control, since they have more experience 
of its use than we have. Mr. K. G. Wood, of the 
Boeing Airplane Company of Seattle, has given 
permission for a short talk which he gave to an 
American Institute of Electrical Engineers’ Conference 
on Machine Tools to be quoted here. Mr. Wood's 
audience consisted largely of designers of numerical 
control equipment. 

“After witnessing a series of remarkable tests, I 
am convinced that numerical control will be of con- 
siderable value to the aircraft industry. I say this 
without qualification, for I have seen an aluminium 
profile part that once took 23 days to produce on 
conventional machines, planned, programmed and 
made in less than half-a-day. Three-and-a-half 
hours were needed to make this part with a con- 
ventional tracer machine. Using numerical control 
it was cut in 14 minutes, and far more accurately. 
Obviously, there is no need to define numerical 
control here, but I will explain the possibilities of 
numerical control in the aircraft industry. We 
believe these possibilities are extensive. 

“In many respects, of course, the aircraft industry 
is not like other manufacturing businesses. While 
our companies have some of the largest manu- 
facturing plants in the world, nearly all our 
products are built by custom techniques. Since real 
quantity production is never found in the aircraft 
business, it was natural that we considered auto- 
matic manufacturing, something that could be 
used only in factories producing can openers, 
refrigerators or automobiles. Up to the last couple 
of years, we had never given the idea of using 
automatic manufacturing any serious consideration. 
“But today we are beginning to see the importance 
of numerical control to a large part of our manu- 
facturing operations. We know that we can share 
in the valuable advances of the new Industrial 
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Revolution and produce complex things faster, 
better and cheaper. 

“Our products require precise and efficient manu- 
facturing methods. In addition, these methods must 
not be so rigid that design changes, on which we 
thrive, cannot be incorporated into the end product 
in a relatively short time. Performance specifica- 
tions of aircraft are continually advancing and 
greater demands are made of our design engineers 
and, ultimately, of our manufacturing shops. Faster 
speeds, higher altitudes and better manoeuvre- 
ability require that our planes be stronger, 
safer and, in addition, built within slimmer and 
more streamlined shells. Aerodynamic smoothness 
and matching fits become more exacting with each 
succeeding model. 

“This, of course, makes the job of our design 
engineers extremely difficult. Profound ingenuity 
is needed to design a reliable high-strength structure 
within a slim enclosure. But the design engineer’s 
problems do not end with the completion of a 
theoretically workable design. For the design 
engineer must cope with the limitations of manu- 
facturing techniques. He must adjust his design 
and often compromise it before the structure can 
actually be manufactured with the available 
machines. Numerical control] will eliminate much 
of the need for such compromise for it improves 
manufacturing methods and techniques. 

“There is a greater freedom in producible shapes 
and outlines and also the promise of a much finer 
control of finished dimensions. You are probably 
aware that the heat generated by friction at high 
speeds necessitates building planes with high 
strength materials such as titanium and stainless 
steel. Such planes are now in design and, when 
manufacturing begins, the problems will be bigger 
than those encountered in building today’s planes. 
The heavier weights of titanium and steel make 
machined tolerances more exacting, since excess 
material will penalise the plane’s performance more 
than it does with aluminium. Both tests and theory 
show that numerical control can provide closer 
tolerances than conventional machining methods. 
Consequently, numerical contro] strongly appeals 
to us. 


“Other aspects of numerical control are also 
attractive: for example, we manufacture many 
parts but nearly always in small lot sizes. This 
requires frequent changes in machine set-ups. The 
flexibility of numerical control, the way a machine 
can be reset to produce a different part with ease 
and speed is very valuable to us. 


“Of course, the aircraft industry will enjoy the 
same benefits of numerical control as _ other 
industries: the elimination of repetitious adjust- 
ments by the operator during the production of 
successive identical parts. And, of course, a 
numerically controlled machine, which was never 
distracted by a girl walking by, can produce 
identical successive parts with no dissimilarities. 
Human error, which is the lack of consistent good 
judgment, will be eliminated and the heavy cost of 
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training people to operate the more productive 
machines of the future will be reduced. 

“For our industry and, I’m certain, for many 
others, numerical control is really a new philosophy 
of manufacturing. For this new process will 
dynamically affect every aspect of production, from 
engineering concept and design of an individual 
part, to assembly of the finished product. Numerical 
control is more than a new way of operating a 
machine; it is a new and efficient way of operating a 
and processing data, of controlling fabrication 
machinery, and of regulating and _ controlling 
quality. 

“A good example of the new and efficient way of 
planning and processing technical data that is 
now available through numerical control, is shown 
by a comparison of two methods of preparing a 
control tape for the profile part, mentioned at the 
beginning of this talk. Using desk calculators, 
planning and preparation of a control tape took 
70 hours. Using numerical control computers, the 
control tape was completed in two hours ; a time 
saving of 35 to one. 

“Such time-saving, coupled with avoidance of 
human error in calculation and copying, renders 
the use of computers vital in data preparation for 
numerically controlled machines. 

“That numerical control is an efficient way of 
controlling fabrication machinery is well known to 
you. The fact that numerical control will be an 
efficient way of regulating and controlling quality 
is evident in the research and development of 
numerically controlled inspection machines now in 
progress. With the aluminium profile part, only 
14 minutes was required for cutting but inspection 
took 12 hours. It took 50 times longer to inspect 
for quality than to make the part. Certainly, here 
is an area for improvement. The fundamentals of 
numerical control should soon be incorporated 
successfully into automatic inspection devices that 
can rapidly verify the quality of a part and provide 
permanent printed records of inspection results. 
When that has been perfected, our industry will 
realise more of the benefits of numerical control. 

“These three operations, the efficient planning and 
processing of data, the control of equipment and 
the rapid inspection of quality, constitute the new 
philosophy of manufacturing that could revolu- 
tionise a large part of our manufacturing operations. 

“There are factors that will influence the rate of 
acceptance of numerical control by the aircraft 
industry. Many of these can be defined. Some can 
be controlled by the aircraft industry and others 
must be controlled by the manufacturers of the 
equipment. For example, is numerical control equip- 
ment reliable? This, of course, is dominant. Other 
questions are also fundamental to the question of 
acceptability. Is the equipment easily maintained? 
Is an extensive training programme necessary? Is 
the equipment durable enough for daily factory 
operation ? Is the equipment of high quality, or is 
it breadboard circuitry in fancy cabinets ? 

“In the aircraft industry, we are well aware of 
the complexities involved in the design and manu- 
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facture of automatic equipment. We know there 
will be “‘ bugs” early in the programme and that 
we will need the assistance of manufacturers in 
correcting early difficulties so that the first and 
most critical applications of numerical control will 
be successful. For successful early operations will 
indicate the phenomenal advantages that extended 
use will bring. 


“The capital investment cost is also important to 
us. High pressure talk about potential will not sell 
numerical control to aircraft industry management 
if the initial cost is unreasonable, since early 
operating returns are only speculative. The rate of 
acceptance in our industry will be directly affected 
by the amount and kind of groundwork and 
preparation we do. Most of our companies today 
have started programmes of training, indoctrinating 
and familiarising management and personnel so 
that when the time is right for changing manu- 
facturing methods, numerical control will not be 
a totally foreign subject. 


“Similarity of systems, particularly data and 
memory storage forms, will also affect the rate of 
acceptance. I feel that the greater the similarity, 
the more rapidly our industry proper and our 
sub-contractor will accept numerical control. Any 
sub-contractor will be naturally reluctant to invest 
in equipment that is not compatible with the 
equipment used by the prime builders he serves. 
Compatibility of machines also helps the Govern- 
ment achieve mobilisation flexibility, a vital factor 
in realising a successful defence programme. 


“To summarise briefly, our industry can see the 
outstanding advantages numerical control offers 
and we can safely predict a broad and fruitful 
application of it throughout our plants. Our 
products, without exception, are continually aiming 
at higher performance. Numerical control offers 
a sound way of building an airplane more closely 
to optimum design than ever before. Numerical 
control is more than a method of automatically 
controlling machines. It is a philosophy of manu- 
facturing that affects the entire cycle of production, 
from the engineering drawing to the approved 
finished part. Data preparation and processing, 
automatic machine control and automatic quality 
control are the basic elements that, when combined, 
complement and supplement each other to form 
this new philosophy. 


“We are anxiously looking forward to and 
planning for the day when numerical control will 
allow us to make better airplanes cheaper, and 
faster, than previously possible. Most of us are 
already laying the groundwork for the introduction 
of numerically controlled machines. Boeing’s pre- 
liminary planning has been under way for several 
months already, and we expect to realise a large 
return on our investment relatively early. 
Numerical control will result in a scientific regula- 
tion of work-flow in many operational areas of the 
aircraft industry. I am certain that computers, 
servo-mechanisms and electronics can now be 





instrumental in our manufacturing, just as they 
have been important for many years in designing 
and equipping the ‘flying machine’.” 


It will be noticed that the majority of the 
companies mentioned earlier in the Paper are 
American. It is usual for the sale of new devices to 
build up there more quickly than here, because 
customer reaction takes place more rapidly and, 
possibly, it is also exploited more rapidly. As a result, 
the following facts emerge and should be noted :- 


1. The U.S. Air Force will not place orders for 
large machines, such as skin millers, without 
numerical control and it has already placed 
many such orders for controlled skin millers. 


2. The Air Force, and the US. aircraft industry, 
expect to place many more orders, over the next 
few months, for other machines with numerical 
control. 


3. Numerical control was considered sufficiently 
important for the last Annual Conference of the 
American Institute of Electrical Engineers to 
be devoted entirely to this one subject. It was 
at this Conference that Mr. K. G. Wood pre- 
sented the Paper which the present writer has 
quoted. 


SUMMARY 


Numerical control of machine tools is in continuous 
use for research, development and production both 
here and in the U.S.A., though the extent of its use 
in America, particularly in the aircraft industry, is 
enormously greater than it is here. This situation 
must not be allowed to persist. 


Numerical control can do many jobs which cannot 
otherwise be done. It can do more complex work 
much more quickly and better than is possible without 
it. The possibilities of numerical control are rapidly 
being envisaged and exploitation does not lag far 
behind. 
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APPENDIX I 


TYPES OF MACHINE TOOL CONTROL, 


Static and Dynamic Control 

Numerical control] may be static or dynamic in 
form. In the static case, the information fed to the 
machine relates to a succession of positions to which 
each slide is required to move and to wait while some 
operation is carried out. Static control is applied to 
jig borers, drilling machines and machines of similar 
type. With the aid of such a machine, the centres 
of holes may be marked, or they may be drilled, with 
a very high degree of positional accuracy. In order 
to increase the accuracy, the normal procedure of 
approaching each location from the same direction 
may be adopted so as to remove the effects of back- 
lash if it has not been otherwise removed, as explained 
in Appendix II. 

In its dynamic form, the information is used to 
keep the slides continuously moving, for contouring 
or routing operations, on milling machines and other 
machine tools of this sort. 

It is a much more simple matter to make a machine 
operate in a static manner, because motion from one 
static position to another does not have to take place 
over a prescribed path. Overshoot is of little 
importance since it will automatically be corrected 
before the table is locked and machining starts. In 
the dynamic case, however, neither of these ameliora- 
tions exists. 

In order to provide dynamic numerical control, 
the relative path of the work past the cutter must be 
accurately defined. The definition of the path involves, 
at least, defining the horizontal motions in polar or, 
more usually, in cartesian co-ordinates and, for three- 
dimensional work, also the rise and fall of the cutter. 





1. Analogue representation, which involves using one 
quantity to represent another, can vary smoothly between 
any two values but is limited in ultimate accuracy by the 
stability of the components used. This is of no 
importance provided it is superior to the accuracy of 
the end-product which, in this case, is the machine tool. 
Analogue information is not numerical information but 
may be generated from it. 

2. Digital information is numerical information in which 
the least significant digit cannot alter by an amount 
less than one, i.e., a digit of still smaller significance may 
not be used. Thus digital quantities can change only 
in discrete amounts. 
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Moreover, for making more complex parts, it may 
also be necessary to define a certain degree of tilting 
and swivelling of the work or of sideways, and for- 
ward and backward, tilt of the cutter. These defined 
motions must be presented to the machine tool i 
the form of coded instructions. 


Methods of Computation 

It is probably well known that there are two types 
of computing that can be used for machine tool 
control; these are analogue’ and digital* computation, 
and they are so-called because the terms denote the 
forms in which information is presented. This is 
not the place to discuss them in detail but it may 
be of interest to know that EMI has adopted the 
analogue method and has developed its own special 
system. There are three main reasons which lead 

EMI to follow this course ; they are as follows :- 

1. The use of analogue control makes it possible for 
the control system to be position-conscious instead 
of increment-conscious, although it would be 
possible to make a position-conscious digital system 
by using the cyclic progression binary code and 
a suitable position measuring disc. Thus, if the 
machine settings are moved while it is not under 
control, it will return to its correct setting when 
control is resumed. This permits the control to be 
interrupted, for example, to change the cutter, 
without loss of registration except for the length 
of the tool projection from the cutting head. 
However, this registration may be regained by 
using a gauge to ensure that the tool projection 
is correct or, when the facility is provided, it is 
possible to turn a knob on the machine to com- 
pensate for any error. 

2. The system is complete in itself, i.e., tape, punched 
with salient dimensional information, can 
immediately be inserted into the machine and the 
part can be cut. Thus, it becomes possible to make 
immediate minor changes in a _ complex 
programme without recourse to a large computer. 

3. It is only when analogue control is used that it is 
practicable to compensate for the cutter. diameter 
at the machine. Cutter diameter compensation 
can be calculated by the computer used with a 
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Fig. 12. Block schematic of a closed feedback loop. 


digital machine but, once the programme has been 
produced, the degree of compensation cannot be 
altered without again having recourse to the com- 
puter to make a complete new programme. Since 
the computer is an expensive item, some users 
prefer to make use of a computer service and the 
cost, and possible delay, involved in making a new 
programme becomes a grave disadvantage. 


The EMI Method of Analogue Control 

Since the dimensional information on a drawing is 
discrete in nature, the instructions are quoted, in the 
EMI analogue system, as successive positions’ to 
which the work and the cutter are to move, and an 
interpolation process is carried out in order to pro- 
vide smooth curvilinear motion instead of progres- 
sion by leaps and bounds. The work of translating 
the coded information and of interpolation, so as to 
provide control signals, is done in a control cabinet 
whose output voltages are continuous analogue 
representations of the required motions of each 
movable part of the machine tool. The apparatus in 
the control cabinet thus converts the, necessarily, 
digital information taken from the drawing into 
analogue positional control information for the opera- 
tion of the machine. 


The Use of Feedback 

Since it is necessary to ensure that the relative 
motions of the work and the cutter are in accord with 
the instructions, it is also necessary to measure con- 
tinuously the relative positions of the work and the 
cutter, and to feed this information back to the servo 
motors, via devices which compare the resulting 
positions with the original instructions, and so cause 
the errors to be eliminated. For obvious reasons, a 
system which does this is known as a feedback system 
or a feedback loop. Feedback loops may be open 
or closed; an open loop being one in which a human 
operator forms part of the system. Fig. 12 shows a 
closed feedback loop in which a voltage representing 
the required future position of a work table is fed, 
via an amplifier, to a servo motor which rotates a 
leadscrew and so drives the table. A device, indicated 
by a potentiometer for simplicity, is fixed to the table 
and supplied with a constant voltage across its ends. 
A contact, which is fixed with relation to the bed of 
the machine, slides over the surface of the potentio- 





it should be remembered that, in some digital systems, 
the instructions are quoted as increments of position. 


meter when the table moves and picks off a voltage 
which is passed via the feedback loop and applied to 
the amplifier in a sense opposite to that of the in- 
struction voltage. Thus, if the two voltages are equal, 
the table must be in the correct position and the in- 
put to the amplifier, and hence its output, will be 
zero and the driving motor will not run. If, however, 
there is an error in the table position, or if the in- 
struction voltage changes, the motor will operate in 
the correct sense to remove the error or to drive the 
table along its correct course at the appropriate rate. 
In practice, the potentiometer is replaced by one of a 
large number of highly accurate position measuring 
devices according to the purpose for which it is re- 
quired and the maximum traverse which has to be 
measured. Alternatively, the feedback system may 
be arranged to measure the angular rotation of the 
driving mechanism, which may be a leadscrew. 


Information Content 

It has become conventional to refer to sideways 
motion of the work towards the left as positive motion 
in the x direction. Motion towards the operator is 
known as positive y motion and upward motion of 
the cutter as positive z motion. By using this artifice, 
the dimensional information on the drawing may be 
read by taking all measurements from a point of 
origin lying outside the work and adjacent to the 
near left hand corner of the work table. The dimen- 
sions relating to the x, y and z co-ordinates of suc- 
cessive points on the surface to be machined are 
codified and recorded, in that sequence, on a paper 
tape, or on cards, by punching holes in predeter- 
mined positions. The hole positions, when using tape, 
form a binary representation of each decimal digit 
but, on cards, they may be otherwise coded. 

The tape, or cards, are fed into a reader which 
reads the information relating to the first dimen- 
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sional data point and passes it to three different sets 
of information stores, there being one set for each 
direction of motion. This information, which is held 
in the stores until required for use, represents only 
one point on the surface to be machined and, there- 
fore, it contains no information as to the direction in 
which the work-table will be required to move. To 
acquire this, it is necessary to have information re- 
garding two successive dimensions or data points; 
in practice, three-point information is used to establish 
curvature and since, in order to avoid discontinuity, 
new information must be available before the old is 
discarded, five-point information stores are provided. 
It is, thus, necessary to feed in information relating 
to the three data points, x; y; 21, X2 Yo 22 and Xs ys Zs 
before the machine tool starts to move from the point 
of origin to which it has already been brought by an 
“alignment stop” signal, which may be recorded on 
the instruction tape or cards. 


Preparation of Instructions on Tape 


The method of transferring the drawing informa- 
tion on to tape is as follows: Fig. 13 shows the draw- 
ing of a part to be made; only two dimensions are 
shown, for simplicity, but the process is similar when 
there is a third dimension. Each successive pair of 
intervals between dimensional data points is known 
as a ‘span’. Thus, points 1 to 2 and 2 to 3 form 
one span, while 3 to 4 and 4 to 5 form another. The 
dimensions must be quoted at places where there is 
a corner, an inflection or a blend point; these are 
known as ‘ major’ points and they are odd-numbered. 
An intermediate, or ‘minor’ point must be quoted 
between each major one’. In addition, allowance 
must be made for the radius of the cutter, since the 
path to be defined must normally be that of the 
centre of the cutter. A _ list of the dimensions 
is then tabulated. The cutter (z motion) may be 
programmed to be withdrawn from the work at the 
point of origin and lowered before reaching the work, 
or it may be lowered before reaching the origin, as 
desired. If an end mill is used, the cutter may be 
brought on to the workpiece at any point on its sur- 
face. The workpiece must be located with respect 
to the origin in accordance with the data punched 
in the tape. , 

The dimensional information is recorded on the 
tape in the decimal binary code. The binary code is 
based on powers of 2 and is a method of representing 
numbers by a series of noughts and ones; it is 
particularly suitable for a punched code because 
noughts can be represented by the absence of a hole 
and ones by the presence of a hole. The code, as 
used by EMI for punched tape, appears in Fig. 14 
which shows the code for numbers up to nine. In 
the decimal binary code, each digit of the decimal 
number is sequentially recorded in terms of the code, 
beginning with the most significant digit preceded by 
sufficient noughts to make each dimension have five 
digits. Any number of digits may, in different 
circumstances, be used but, in most cases, five are 





1. It should be noted that Fig. 13 is similar to Fig. 10 but 
that the latter omits the mid-point on linear spans. 
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BINARY CODE 


Number Binary Representation 
or Sign 2=8 27=4 2'=2 = 
0 0 0 0 0 
l 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 l 0 0 
3 0 l 0 l 
6 0 l l 0 
7 0 | 1 1 
8 l 0 0 0 
9 l 0 0 l 
Alignment 
Stop (14) I l l 0 
Stop (10) l 0 1 0 
Error l 


Note that 1 represents a‘hole and 0 the absence of a hole. 

The error signal lies in a separate column used only for 

this purpose. 

Fig. 14. The Binary Code as used for the preparation of 

tape for use with the EMI analogue system of numerical 
control. 


used; these can, for instance, represent dimensions up 
to 99.999", i.e. nominally 100”, measured to the 
nearest thousandth. The decimal points are not 
recorded and no space is left between successive data 
points, the tape being read in blocks of five punch 
positions. A line of small holes is provided near the 
centre of the tape, and this is engaged by a feed- 
wheel to move the tape forward by the correct 
amount. 

Inaccuracies in the size and precise position of the 
letters in a line of type do not normally affect our 
ability to understand the meaning expressed. In the 
same way, it is only necessary that the holes should lie 
in the correct column across the tape; their size and 
position along the length of the tape are not of 
vital importance. 

The data is recorded on the tape with the aid of a 
modified teletypewriter. The punched tape issues 
from the side of the machine and the data which has 
been recorded appears on a sheet of paper which 
protrudes from the top. Thus, each value can be 
checked as it is punched and, if an error occurs, 
depression of an “error” key punches holes which 
cause the tape reader to ignore the record. Fig. 14 
includes an error signal together with an_align- 
ment stop and a stop signal. Note that the 
alignment stop brings the work and the cutter to the 
origin or any other desired position and stops the 
machine. The stop is used at the end of the run or, 
for example, when it is required to programme a 
change of cutter. 


Operation of the Control Cabinet 


The control cabinet contains the following 
apparatus : 

1 Tape Reader; 

3 Five-point stores (x, y and z); 

3 Interpolators (x, y and 2); 

3 Servo Amplifiers (x, y and z); 

1 Cutter Diameter Compensator; and 

1 Power Supply System; 
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together with the necessary switches for controlling 
the flow of information through the correct channels. 

This apparatus is designed to interpolate additional 
data points, to supply analogue voltages and accept 
feedback signals and to compare these in the servo 
amplifiers and pass the difference to the servo motors 
to drive the machine tool. 

When instructions numbered 1, 2 and 3 for each of 
the x, y and z directions have been read by the read- 
ing head and passed into the appropriate stores, the 
apparatus in the cabinet calculates a further 768 
interpolated points between each pair of instructions, 
i.e., 1,536 points per span. The apparatus calculates 
these interpolated dimensions on the basis of a para- 
bola through the three points denoting one span, and 
this can, in most cases, be relied upon to be a close 
approximation to the wanted curve. By breaking 
curves down into several spans, any desired accuracy 
in the fit of the parabola can be obtained. ‘The 
points should be relatively closely spaced on each 
side of a point where a change of curvature occurs 
and, particularly, where the curvature changes 
rapidly. The more accurately a curve must be repro- 
duced, the greater should be the number of points 
recorded while, obviously, points lying on a straight 
line may be widely spaced. 

The reason for requiring the stores to be capable 
of storing information relating to five successive data 
points in each co-ordinate may be elaborated, as 
follows. When the work has moved to a position just 
beyond the first point in the span, the tape 
reader automatically moves forward to read 
dimensions numbered 4 and 5 to complete, with num- 
ber 3, the information for the second span. When the 
work has passed just beyond the third or major point, 
the information relating to points numbered | and 2 
are no longer needed and this part of the store is 
reset to receive information relating to points 6 and 7. 
The tape reader again moves forward to read this in- 
formation and to insert it in the store. A continuous 
re-cycling operation of the stores thus takes place, 
with used information being dropped and new in- 
formation being inserted. The actual rate at which 
information is read from the tape is, thus, dependent 
upon the setting of the speed control but, when the 
data points are closely spaced, the reader moves the 
tape more rapidly. 


Cutter Diameter Compensation 


If the cutter is not of the diameter used when 
making the programme or if it is desired to make a 
finishing cut, without using a cutter of a different 
diameter, it is only necessary to readjust the cutter 
diameter compensation device. A section of the 
apparatus in the contro] cabinet continuously calcu- 
lates the normal to the curve being cut, and the cutter 
is moved in or out along the normal, in accordance 
with the setting of the knobs and the oversize-under- 
size switch. This facility is of extreme importance, be- 
cause the rate of wear of the cutter is high with many 
of the materials which must be used for aircraft 
production. It provides one, of several, advantages 
of using analogue, rather than digital, contrel for 
machine tools. 


Accuracy of the Work 

The accuracy of any system is dependent upon a 
number of mechanical factors, even though the in- 
formation about the relative positioning of the cutter 
and the work is correctly transmitted to the servo 
system. Particularly when the feed rate is high, the 
cutter position may be modified by dynamic lag in 
the servo system, by cutter deflection, work deflection 
or the effects of the presence of swarf, and by the 
fact that the effective cutting diameter of the cutter 
depends on the feed rate and on the material being 
cut. 

In spite of these and other causes of error, it is 
possible to provide static positioning for use with 
a jig-borer to within .0001”. With dynamic 
machining operations using the Wadkin and 
Cincinnati Hydrotel machines shown in Figs. 3 
and 4, at low speeds, the error can be kept to within 
one or two thousandths of the programmed dimen- 
sions for parts up to 10” or so in size, but the toler- 
ance increases with the dimensions and the feed rate. 
The consistency is normally superior to the absolute 
accuracy. For the cam milling machine shown in 
Fig. 1 the accuracy is within .001” and is consistent 
to within a few tenths of a thousandth. The Cincin- 
nati No. 3 machine, shown in Fig. 2, is accurate to 
within .003” and is consistent to better than .001”. 
When machine tools have been improved, as sug- 
gested in Appendix II, the accuracy of the work will 
increase. In the meantime, however, the accuracy 
is as good as, if not better than, can be realised without 
numerical control and the consistency of the result- 
ing product is a great deal better. 


APPENDIX II 
MECHANICAL PROBLEMS IN THE DESIGN 
OF MACHINE TOOLS 


The design and construction of a machine tool may 
result in a machine which is perfectly satisfactory for 
manual operation, but which may prove to fall short 
of the standards required for numerical control. 

It is, therefore, interesting to note the procedure 
which is followed when a machine is operated by 
hand. Only one slide is normally moved at a time, 
all the others being locked so that good standards of 
squareness are retained. The machining process is 
stopped before it is completed and the work is 
measured before a final light cut is taken so that, for 
the final cut, distortion of the machine and its cutter 
is reduced. The effect of backlash is removed by 
operating each slide in one direction only while 
machining one part. Even in the case of a jig borer, 
not only must the dials be adjusted to read correctly, 
but the settings must be approached from a particular 
direction and extremely slowly and smoothly if the 
requisite degree of accuracy is to be achieved. 
However, for dynamic numerical control, every slide 
must be able to move simultaneously and with 
varying directions and velocities, so that it becomes 
essential to reduce all forms of hysteresis to a 
minimum. 

Hysteresis results in the position of a worktable, 
or other device, relative to that of the driving mem- 
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ber, becoming dependent upon the direction in which 
the motive force has been applied. It may be caused 
by those inelastic effects (sometimes called ** bang- 
bang” effects) which are the result of loose fits, and 
by elastic distortion effects resulting from compres- 
sion, tension, twisting and bending. 

The inelastic effects are particularly troublesome 
because they have an adverse effect on the servo 
system, and because they increase with time due to 
wear. Improvements in machine tool design and con- 
struction, such as a reduction in slide friction, do 
not, in general, reduce the inelastic effects, although 
this reduced friction does reduce wear. They can be 
reduced, or eliminated, by the use of the technique 
known as pre-loading but, in general, the elastic 
effects cannot be reduced by this means. It is very 
important to appreciate these facts. 

Although backlash can be eliminated from a lead- 
screw and nut combination, it is impossible, because 
of the existence of elastic distortion, to make a system 
in which there is no lag on reversal. An effect, which 
upon consideration is obvious, and which is not 
negligible, is that the leadscrew can, and does, com- 
press and extend as the load changes from pushing 
to pulling, or vice versa, on reversal. This is, how- 
ever, an elastic effect and, in common with other 
elastic effects, it can be reduced by proper choice of 
the cross-section and of other dimensions. — Elastic 
effects do not increase with time and they are gen- 
erally reduced when the load is reduced, as, for 
example, by reducing the slide friction. 


Inelastic Effects 


Inelastic effects may be removed by perfecting the 
fit of all moving parts. Backlash between a lead- 
screw and its nut may be eliminated by using two 
recirculating ball nuts, preloaded to an amount which 
exceeds the maximum operating load. Backlash can 
also occur if there is any possibility of longitudinal 
motion of the leadscrew as a whole. Unwanted table 
motion may be prevented by paying meticulous atten- 
tion to the accurate fitting of all slides, by ensuring 
that the ratio of their length to distance apart is 
adequate and by the extension of kinematic principles 
to slide design. 


Elastic Effects 


Although the existence of elastic deformation is 
well known, the extent to which it contributes towards 
lost motion does not seem to be appreciated. For 
example, measurement of the elastic deformation of 
a table- and a saddle-leadscrew on a certain milling 
machine gives the following results : 

The table-leadscrew outside diameter was 134” 
and its core diameter 14”. A force was applied 
which was just not sufficient to overcome the stiction 
of approx. 250 Ib. and the deformation, measured at 
a distance of four feet along the leadscrew from a 
fixed reference point, was found to be .00033” so that, 
when reversal is included, a total deformation of 
00066" results from this cause alone. 

A similar measurement on the saddle leadscrew, of 
13” outside diameter and 11” core diameter, 
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made at a distance of two feet from a fixed 
reference point, when the stiction load was 500 lb., 
showed a total deformation of .0008”. 

The.elastic effects include those mentioned below : 
Leadscrews; 
Ball bearings; 
Bearing housings; 
Pistons; 
Gears; 
Shafts, and 
Cutters ; 
Leadscrews; 
Bearing housings; 
Pistons; 
Shafts. 


Compression or tension in 


Twisting and bending in 





If longitudinal motion of a leadscrew is inhibited at 
both ends, by preloading to an amount which is 
greater than the maximum working load, the com- 
pression or tension will be reduced to 25° of the 
value obtained when one end of the leadscrew is free 
to float. It will be obvious that the use of preloading 
must not result in too great an increase in friction 
and therefore ball bearings must be used. The bear- 
ings must be of adequate size to withstand the applied 
force without undue compression. 

Twisting and bending may be reduced by the use 
of integral construction wherever possible. The use 
of parts which are bolted on to other parts is a fre- 
quent source of distortion when a load is applied to 
them. The axes of leadscrews and pistons should lie 
midway between the slides of the tables or rams 
which they drive, and on a straight line joining the 
centres of the slides. Twisting and bending of cutters 
is improved by keeping them as short as possible, but 
attention must also be given to the shanks or collets 
used for fixing them to the cutting head. All bearing 
mountings must provide an accurate fit for the bear- 


. ings and they must be exceedingly rigid if they have 


to withstand any longitudinal or sideways pressure, 
especially if, as is usual, the pressure is a varying one. 

All these matters are receiving the special attention 
of progressive machine tool makers, particularly those 
whose machine tools are being numerically controlled. 


APPENDIX Ill 

PROBLEMS IN PROGRAMMING 
The art and science of programming are still in 
their infancy in spite of the vast progress which has 
already been made. However, many problems still 
remain in making a programme for a machine tool 
and the problems differ according to the method of, 
and equipment used for, carrying out the computa- 
tion. Both the analogue and digital systems start 
with information on a drawing, but it is possible to 
present the information in various ways, some of 
which are more suitable for one system and some for 
the other. For this reason, a study of the methods of 
information presentation on drawings has been, and 

is continually being, made by many workers. 
These studies require the expert attention of 
mathematicians, draughtsmen and production engin- 
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eers. A sound knowledge of the imperfections of 
machine tools, of all the properties of metals, cutters 
and lubricants and of metal-cutting techniques, as 
well as of numerical control systems, must be available 
to an investigation team if it is to achieve a real 
improvement. 

In order to control a machine tool, it is necessary 
to define the path of the centre of the cutter with re- 
spect to the work, but this may be achieved in a 
variety of ways. In most digital control systems, the 
digital information on the drawing is presented, in 
coded form, on a punched paper tape. This tape is 
then fed through a tape reader which feeds the en- 
coded information into a large computer whose out- 
put consists of a record, on magnetic tape, of equal 
increments of motion of each slide. This tape, when 
fed into a control cabinet associated with the 
machine, determines the incremental motions of the 
slides. 

In the cases of analogue control systems, the digital 
information on the drawing is also presented, in coded 
form, on a punched paper tape. The tape, however, 
is usually fed, not into a large computer, but directly 
into the control cabinet where an interpolation pro- 
cess is carried out to provide signals which determine 
the instantaneous positions of the slides. Neverthe- 
less, although for most purposes a separate computer 
is not required, it is useful to have one for very 
complex workpieces, since it can save much of the 
programmer’s time. On the other hand, the computer 
need not be specially purchased since it does not re- 
quire to be designed for this purpose. A computer 
which is used for payroll, or other purposes, may be 
arranged to do this work also. 


The problems of programming arise mainly be- 
cause of the need to simplify the job, to reduce the 
time required to do it and, as far as possible, to re- 
move the risk of error. In order to achieve these 
objects, the information must be processed as little 
as possible by human beings and the work placed on 
the broad shoulders of a computer, or an interpolator. 
It is most unfortunate that no one has yet succeeded, 
or probably even attempted, to make a machine to 
read a drawing so the human link cannot be elimi- 
nated. All that can immediately be done is to simplify 
the programmer’s task. 


This simplification of the human work to be done 
in preparing the initial coded tape can be partially 
met by arranging a standard procedure which is yet 
sufficiently flexible to suit a variety of jobs. The 
ase of several standard forms on which to calculate 
various shapes of cutter path, in which the individual 
steps in the calculation are pre-printed, can save 
much time and reduce the risk of error. A standard 
form on which to write the dimensional information 
for each co-ordinate in every span will also be found 
useful. 


The Four Stages of Programming 


Four different stages are involved in the operation 
of programming or, at least, in the process of changing 


the information, as it is on an original drawing, into 
a table of figures which can be punched straight on 
to tape, or cards. It is assumed, for this purpose, 
that the drawing is not one which has been specially 
prepared for numerical control, but one which has 
been supplied by, say, a customer who wants a part 
cut as quickly as possible. 


The first stage in the programme is to reduce the 
drawing to a standard form. This involves, at the 
very least, choosing a common origin for all co- 
ordinates and, in many systems, it also involves the 
explicit determination of all blend points between 
straight lines and circles, and so on. Since normal 
drawing procedure includes a variety of methods for 
indicating the position of a circle and how it joins 
up with neighbouring parts of the profile, this reduc- 
tion can involve a considerable amount of work on 
quite a simple drawing. This condition should not be 
tolerated indefinitely since it requires extra non- 
creative human labour. 


The second stage is that of arithmetic sub- 
division of the basic profile ; work which is required 
to a very varying extent in different systems. Thus, 
the original M.I.T.— Giddings and Lewis system 
requires all curves to be broken into straight lines, 
while the present EMI system requires that curves 
should be divided into sections which are short 
enough for parabolas to represent them adequately. 


The third stage relates to a class of work which 
is a very difficult one to define. It comprises all those 
factors that only experience can dictate, such as the 
right feed rate, the effect of feed rate on tool deflec- 
tion, the amount by which a blending radius-centre 
should be displaced to counteract the tendency of the 
cutter to dwell, the effect of the work material on the 
effective cutting diameter, and so on. It is our 
experience that this stage is a very lengthy and a very 
necessary one. For instance, it must not be thought 
that the cutter path is always a fixed distance from 
the cut face since, as an example, when proceeding 
past a corner the cutter should always leave the 
finished surface to avoid damaging the corner. The 
path traced by the cutter at a corner may be part 
of a parabola, or closed loop, or even some other 
more complex shape, as dictated by expediency or for 
some other special reason. Fig. 15 shows two methods 
of proceeding past a corner. 


The fourth stage is the comparatively elementary 
one of coding, i.e., arranging the dimensions in the 
right sequence and adding in the necessary codes for 
starts and stops, changes in the type of lines or type of 
interpolation, or identification of the co-ordinate, as 
may be required by the various systems.* The work 
involved in this stage tends to grow in magnitude as 
the others are reduced. Some people are familiar 
with the appalling amount of apparently meaningless 
gibberish that goes to make up the programme of a 
big digital computer, and also with the immense 
amount of information contained in it. 


Some reduction in the volume of work in the third 
stage is likely to result when the, at present intangible, 
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factors concerned are numerically analysed and made 
subject to computation. 


The amount of human effort in the second stage is 
to a large extent a matter of cost. One system may 
spend a great deal of money on a large computer to 
reduce or eliminate it; others may provide the 
alternative arrangements of manual or computer pro- 
gramming, at differing costs. 


The present need for the first stage of reducing the 
drawing to a standard form is much to be deprecated, 
because it demands an amount of trigonometry which 
many draughtsmen and planning engineers do not 
possess. Doubtless, technical education should be 
such that they do have it but, at the present time, they 
often do not. All available systems suffer from too 
much work of this type. It is in this connection that 
a recent M.I.T. suggestion is very interesting, because 
it allows for enormous flexibility in the specification of 
contours. 


The New M.LT. System of Programming 


The system is based upon a novel method of 
defining successive configurations on the drawing, 
together with the location of points, instead of 
defining the location of various junctions between the 
configurations, together with the centres of circles. 
The method is shown in the table below : 


DEFINITIONS 

POINTS 
By co-ordinates ... sale pl =-2.738, 10.372 
As the intersection of two 


limes ... se sa p2=s23/s7 
As the intersection of a 
line and a circle ~~ p3=Ns2/c2 
As the intersection of two 
circles ... $0 ee pd=Ne3/e5 
p6=Fc2/c7 


On a circle, at a given 
angle with the positive 


x-axis... 0. «sp =02/83.074° 
LINES 
By two points ae sl=p2/p9 
Through a _ point and 
tangent to a circle s2= p3/Tc2 
s3= p7/Ac9 
s4=Tc7 | p4 


sS=Ac6/p5 
s6=Ac2/Ac3 
s7=Tc4/ Acd 
s8=Ac2/Tc7 
S99=Tcl2/T 6 


Tangent to two circles ... 


Through a point, at a given 
angle with positive x-axis s10= p7 /-73.215° 


CIRCLES 


By centre and radius 
Centre, tangent to another 
circle... eg - c2= p2/Tc4 
c3=p5/Ac7 
c4= p5/s2 


cl = p2/2.7405 


Centre, tangent to a line 
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Fig. 15. Two methods of programming for the cutting 
of corners. 


As in other methods of programming, each point, 
line or circle is designated by a separate symbol, 
p being used to designate a point; s, a line ; and c,a 
circle. To prevent ambiguity, circles and lines are 
given arbitrary positive and negative directions and 
if a circle cuts a line at two points, the required 
junction is defined by referring to the “near” or 
“far” intersection as required. The positive direction 
of a circle is clockwise and the determination of 
near or far is obtained by starting the circle at the 
point where its x value is a minimum. Thus, 
pl=NsI/cl means that point | is at the near inter- 
section of line sl with the circle cl. The direction 
of a line is defined as from the first to the second 
point, thus, s/=p2/9 gives its positive direction. A 
line defined as passing through a given point at an 
angle with the positive x axis has its positive direction 
away from the point. 


It is unnecessary to describe the system fully since 
those who wish to study it may refer to the literature.* 


Enough has been said to show the radical departure 
from present practice which the new method repre- 
sents and to show how it may remove the need for 
preparing the drawings in a special way. 





* A. Siegel ‘Automatic Machine Tool Programming ” 
Control Engineering, October, 1956, page 65. 


7 UI, 





TE 
to hi 
myst 
is so 
techr 
Macl 
pract 
savec 
contr 
Puck 
distin 
Engi 


acros 


(M 
ap pe 


M 
Man 
a ple 
inter 
vario 
order 
whicl 
wortl 
inves! 
recei\ 
use O 


We 
Conf 
to pr 
there 
to er 
finish 
great 


In 
from 
progr 
there 
end ¢ 
will ¢ 


| Ue: 
about 
lot of 
about 
T un 
numb 
count 
instru 
to me 





SESSION III 


REPORT AND DISCUSSION 


Chairman: J. B. TURNER, M.1.Prod.E. 


The Chairman: I am as keen as you all are 
to hear Mr. Puckle, of E.M.I. Ltd., expound the 
mysteries of numerical control. To most of us, it 
is something about which we have read in the 
technical press or have seen demonstrated at the 
Machine Tool Exhibition, but of which we have little 
practical experience. The claims made for the time 
saved and the accuracy achieved by this type of 
control are such that we must follow it up. Mr. 
Puckle is well known in the electronics world and is a 
distinguished member of the Institution of Electrical 
Engineers. He is the right man to put the subject 
across to us. 


(Mr. Puckle then presented his Paper, which 
appears on pages 169 - 186.) 


Mr. H. A. Chambers, M.I.Prod.E. (General 
Manager, Rockwell Machine Tool Co. Ltd.): It is 
a pleasure to open the discussion on such a vital and 
interesting Paper. We all use machine tools in 
various forms, and this is research of a very high 
order. The progress is astounding. The time savings 
which Mr. Puckle has given in his Paper are really 
worthwhile. They should encourage anyone to 
investigate these methods. I hope his Company will 
receive the just reward of being encouraged in the 
use of these machines. 


We have not heard about forgings in this 
Conference. I feel that if the method could be used 
to produce, cheaply and quickly, forging dies and if 
there could be greater use of heavy hydraulic presses 
to enable us to produce accurate forgings to be 
finished by this method, it would be another very 
great step forward. 


In regard to accuracy, I am wondering whether 
from stage to stage in the use of this equipment 
progressive synchronisation takes place, so that 
there is no accumulation of error at_ the 
end of the run of the cutter. Perhaps Mr. Puckle 
will deal with that later. 


I am grateful to Mr. Puckle for going into detail 
about numerical and digital systems. I am sure a 
lot of people, like myself, would like to know more 
about these two systems and, indeed, other systems. 
I understand that the M.I.T. system has a greater 
number of channels than we have produced in this 
country, even going to the point that they get audio 
instructions for the operator, which appears to me 
to mean a great saving in cutter life in that you can 


avoid damage due to the cutter being blunt or rising 
steeply. 


Mr. Puckle : 
remarks. 

With regard to dies, some work is being considered, 
and I will ask Mr. Booth to deal with that part of 
the question. 

With regard to cumulative errors, that is not likely 
to happen except, possibly, as a result of wear of the 
cutter, because the analogue system is based on 
measurement of position. As far as wear of the 
cutter is concerned, cutter regrinding or replacement 
periods can be coded into the tape. 


I thank Mr. Chambers for his 


Mr. R. H. Booth, B.Sc. (Technical Manager, 
Industrial Applications Division, E.M.I. Engineering 
Development Ltd.): 1 do not think there is any 
reason why dies for forging or any other purpose 
should not be made by numerical control. We have 
tried to start with simple things like templates, 
intending to continue with more and more compli- 
cated cutting operations. Dies present no essential 
problems, but as you increase the number of control 
dimensions and get on to more complicated dies, the 
problems of programming and specifying what you 
want, in terms of numbers which can be put on a tape, 
increase rapidly. A lot of work is required before one 
can take a drawing of a complicated shape for a die 
and run straight into the tape with it. It is one 
thing to make a die of a simple shape, but it is 
another thing to make one for a complicated shape. 
It is easy in the case of a turbine blade, where there 
are mathematical expressions for the curves. Machines 
are being conceived all over the world with three, 
four, five, six and seven dimensions, but I think it will 
be a little while before more than three dimensions 
are used accurately, because of the difficulty of pro- 
gramming. 


With regard to synchronising, if Mr. Chambers 
means to ask whether the progress of the work can 
be synchronised with some change such as the pro- 
gressive wear of a cutter, the answer would be that in 
many cases cutter wear is not a major factor, but 
where it is, the control cabinet can be adjusted for 
the effect of the diameter of the cutter and that can 
do much to help. I am not clear about the extent to 
which cutter wear of dimensional significance can 
take place without first affecting surface finish. I 
feel that often surface finish deteriorates as a 
dimensional change appears. In the future, one 
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should look forward to automatic sensing of the cutter 
diameter. At the moment it is a matter of auto- 
matically checking the cutter diameter, and there is 
no means of automatically sensing the effective 
cutting diameter of a cutter. Also, a cutter has not 
always an obvious diameter. There is always some 
deflection of it. Its effective diameter depends. on 
what it is cutting and upon the feed rate. 


Mr. R. S. Brown, M.1.Prod.E. (Director, Bristol 
Aircraft Ltd.): I read the Paper with great interest. 
In the aircraft industry we have been sold the idea 
for some considerable time that the numerically con- 
trolled machine tool will be of great help to us in 
our model shops and other places. However, Mr. 
Puckle mentioned mostly machine tools of American 
make. I wonder whether the people actually bringing 
out this control have sold it to our own machine tool 
industry, because we cannot get the dollars to buy 
American machine tools and at the present moment 
there seems to be no progress in this country in 
manufacturing machine tools which will take this 
control. 


Mr. Puckle : We have made arrangements with 
the Cincinnati Milling Machine Company. They 
have a branch in this country which makes some of 
the smaller tools and, therefore, presumably one does 
not have to spend dollars to get them. The fact that 
we have an agreement with the Cincinnati Milling 
Machine Company does not prevent us from pro- 
viding information in respect of, or fitting the control 
to, machines made by a British manufacturer. 


Mr. Booth : There is nothing in our arrangements 
with any company which prevents our working with 
any machine tool company outside the United States. 


Mr. Brown: I asked whether you in your sphere — 


had made approaches to the British machine tool 
industry to see whether they could bring out machine 
tools which would fit your control. 


Mr. Booth: One answer to that is that in the 
Paper there are photographs of three machine tools 
fitted with E.M.I. control, and all those machine tools 
were manufactured in this country, one by an entirely 
British Company. Research Engineers Ltd., one by 
the Cincinnati Milling Machine Company _ in 
Birmingham, and one by Wadkin Ltd., another 
entirely British Company. 


Mr. W. S. Hollis, B.Sc.(Eng.), A.F.R.Ae.S.. 
M.1I.Prod.E. (Assrstant Director. Aircraft Production, 
Ministry of Supply): Colonel Clark, of the Machine 
Tool Trades Association, has seen Mr. Goodinge and 
arrangements are being made whereby any require- 
ments in respect of machine tools and their develop- 
ment can be specified by the aircraft industry at that 
level to the Machine Tool Trades Association, and 
they will then consider the best means of approaching 
the problem. If the Production Development Branch 
can lend any assistance to either organisation, we 
shall be pleased to do so. 
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Mr. Booth : The National Research Development 
Association is sponsoring work on machine tools in 
the Manchester Institute of Technology. 


Mr. R. P. Gardner (Consultant Electrical 
Engineer, Asquith Machine Tool Corporation Ltd.) : 
I can assure the questioner that E.M.I. are working 
with the machine tool trade. The M.T.T.A. sub- 
committee has issued a report on electronically con- 
trolled machine tools covering the whole field, and 
my Company is making for an aircraft company, a 
skin miller which will be tape controlled, though it 
is not Mr. Puckle’s tape. ‘Therefore, something is 
being done. 


Mr. T. A. Waite (Machine Tool Control 
Development, Vickers‘sGroup Research Establishment, 
Weybridge): Mr. Brown is not quite up-to-date with 
regard to British-made milling machines. We have 
one manufactured in this country and propose to fit 
numerical control to it. 

Turning to the Paper, I would congratulate Mr. 
Puckle upon producing the first comprehensive Paper 
on machine tools, certainly in this country and 
probably anywhere else. There will shortly be an 
even more comprehensive one, but this is the first and 
Mr. Puckle is to be congratulated upon it. Previous 
Papers on the subject have rather concentrated on 
descriptions of particular systems. 

Being in intimate contact with aircraft machining 
processes, I would not agree with the general descrip- 
tion given of the way machining is done in the 
aircraft industry at the moment. The operator does 
not turn a handle, do a bit of thinking and then turn 
another handle. The bulk of machining is done by 
copy milling from templates. But as yet the speed 
and accuracy of these machines are superior to any 
that I have seen electronically controlled. 

The aircraft production engineer has a very acute 
machining problem. He may have to remove up to 
90°/, of the material from his billet. Therefore, he 
is acutely interested in pounds per h.p. per minute. 
To achieve this, he is prepared to sacrifice accuracy 
to some extent, but he is not prepared to sacrifice 
surface finish, for reasons given by Major Teed in 
his Paper. So the critical specification for him is not 
the accuracy in so many thousandths of an inch, but 
the accuracy of so many thousandths per unit of 
cutter movement, and that is a different thing. 


Perhaps I could have some comments on the 
following. By manually operating a copying machine, 
we can get up to a speed of 15 ft. per minute, cutter 
feed rate. I do not think this would be possible with 
an electronically controlled machine tool, because of 
the facility which the operator has for anticipating 
the movement of his cutter. Therefore, it may be an 
economic proposition to use one electronically con- 
trolled machine tool to produce the templates and 
to use the.templates on existing machines, auto- 
matically or manually controlled, which would be 
cheaper to make and no doubt faster in operation. 

You mentioned that it was a pity that there was 
not in operation a machine which translates a picture 
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of a drawing into a machined workpiece. In my 
Company there is such a machine in operation. 

You also mentioned cutter compensation, which | 
believe is a feature of your machine. It is also 
possible to do it on a digital machine, and we hope 
shortly to prove that point. 

There is a technical detail on which I should like 
Mr. Booth’s comments. 

In Mr. Puckle’s Paper (page 8 of the preprint) 
there is quoted an informational tolerance of 
0.001", a cutter feed rate of 50” per minute. 
and a cutter radius of $”. That would imply 
a machine working at about 1” per second. 
To contro] this to 0.001". you would have to have 
a motor which is capable of responding in 
periods of the order of a millisecond. I do not 
know of any such motor, and should be interested to 
know what you have done in this direction. 

I thank Mr. Puckle for his Paper. It has given us 
a comprehensive review of the present state of 
machine tool development. 


Mr. Puckle : I am, of course. fully aware of the 
fact that the repetition work in the aircraft industry 
is done by copy milling, but the Paper does. 
unfortunately, suggest that manual operation without 
masters or templates is used for this purpose. This 
will be altered in the final form of the Paper, and 
I am grateful to Mr. Waite for pointing out the lack 
of clarity. 

I do not fully understand the question about infor- 
mational tolerances and time constants. If one 
ignores machine tool errors, the tool will follow a 
correct straight line path though there will be a time 
lag, however small. Furthermore, there is no reason 
why one dimension should not be highly accurate if 
this dimension is constant, even though a very high 
feed rate is used in another dimension. 


Mr. Booth: You have referred to a speed of 
15 ft. per minute. The Giddings and Lewis American 
machine is operated at 100” per minute, and the 
Cincinnati skin millers are expected to operate at up 
to 120" per minute under control. 

As to compensation, I imagine that is a question 
of the size of the computer that you feel you can 
afford to have on the spot. A large computer could 
be used immediately adjacent to the machine tool and 
could carry out cutter radius compensation, but it is 
likely not to be economical. Most digitally controlled 
machine tools have used a large computer, and it has 
been felt necessary to move it to a central place and 
to share it with other machine tools. 

The point about copying drawings is rather a 
question of what you mean by “drawings”. There 
certainly are machines which can accurately reproduce 
drawings. There is a Swiss machine which copies 
drawings. But that is not using the sort of drawing 
which we have in mind in this case. What Mr. 
Puckle means is that there is no means of directly 
translating the information. in the form in which it is 
first conceived, into our machine. There always has 
to be some human processing to the entry to the 
numerical machine, and that is programming in its 


widest form. One of the advances that we must make 
is to reduce the amount of programming well below 
its present figure. I do not think it is any answer to 
the problem to produce an extremely accurate copy 
of the drawing, as the Swiss machine does, because of 
the labour involved in producing the accurate 
drawing. 


Mr. Waite : In the case of the machine which I 
have mentioned, it is not necessary to have a specially 
designed computer. For a simple design, it is possible 
to use any suitable computer to produce the informa- 
tion for you. If the organisation with which you are 
associated has one, it would not be necessary to have 
a specially designed computer. 


Mr. Booth: There must be a certain amount of 
special design associated with it. I do not know of any 
existing computer which could deal direct with any 
existing transducer. 


Mr. Puckle : My words were “ could be arranged 
to do this work”. My answer is that you might have 
to add a small amount to it to do it. 

With regard to the business of copying drawings, 
the expensive and accurate work of making the 
special drawing is a form of programming for the 
machine. 


Mr. R. E. Mills (Specialist Designer (Mechanical), 
A. V. Roe & Co. Ltd.): It appears from the 
discussion that even at this late stage there is still 
some doubt as to the value of machine tools con- 
trolled in this way. 

I wish to put a question which I have asked on 
several occasions. I think there is only one case to 
which this method of machining can usefully be put, 
and I should like to have Mr. Puckle’s opinion on it. 
Whatever the shape, be it in two or three dimensions, 
I should imagine that the cutter can cut at optimum 
speed all the time. This appears to me to be a most 
refined method of machining where machining 
stresses are — I will not say “cut out” — kept 
constant throughout the whole of the manufacture 
of the component. 

I should like to hear Mr. Puckle’s views on whether 
this machining can be considered as I have suggested, 
which, in spite of all the other doubtful points, is 
worth something — bearing in mind Major Teed’s 
Paper. 


Mr. Puckle : It is not possible to keep the speed 
of cutting constant. When one gets to a straight part, 
one can in general run more rapidly than one can 
round a curve. One then has to catch up the velocity 
at the end of a curve where it joins a straight, since 
sudden changes in velocity should obviously be 
avoided. That is to say. you may have to alter the 
velocity of feed as you approach a bend, or come from 
a bend on to a straight. 


Mr. Mills : 


circumstances. 


You would do that in normal 
In fact, you might actually stop. 
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Mr. Puckle : Yes. We have developed something 
called a parabolic start and parabolic stop. 


Mr. Booth: If with a simple form of E.M.I. 
control you assume that the time taken to go froin 
A to B is the same as that from B to C, but put B 
other than in the middle, the speed can be varied 


— : 
ee ; 


during the interval. For instance, if the distances 
AB, BC are in the ratio of 3:1, you can make the 
machine move under a constant deceleration from 
A to C and stop at C. This is a useful feature when 
approaching a corner. There can be any desired 
ratio of initial to final velocity by suitable choice of 
the position of the point B. In the case of the 
skin-miller discussed in the Paper, there is a pro- 
grammed choice of feed rates. 


Mr. J. O. Mayer (Aircraft Production 
Development, Ministry of Supply): A contributor 
has referred to the possible economies to be achieved 
by equipping several machines, or one, with tape 
control. I thought it was generally intended that 
one would have a master tape-controlled machine. 
which could cut master forms fairly accurately, 
aithough perhaps slowly, and copying machines which 
could run at the desired higher speeds. 

With digital computers, it is possible to translate 
polar information to cartesian and vice versa. If we 
have an analogue-equipped machine tool, are we tied 
to one form of drawing office information, or can we 
convert from one to the other and, if so, how ? 


Mr. Booth : I should have thought it was largely 
a question of the way in which the machine was 
constructed. If it is a machine with more than the 
essential free axis — in other words, you can rotate 
as well as go acrosswise — then it will naturally be 
possible to put information for any of the axes that 
you have. 

If, however, the information is presented in a form 
different from the way in which the machine is con- 
structed, for instance, polar instead of cartesian, then 
a conversion may take place, either by conventional 
techniques of manual computing, or by the use of a 
digital computer. Generally speaking, the use of this 
computer is independent of the type of control used 
on the machine tool, and can as easily precede an 
analogue control system as a digital one. It would 
be possible to design either type of control system 
to accept alternative types of input directly, but to 
the best of my knowledge this has not so far been 
done. The nearest approach is perhaps certain 
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American systems, where a general purpose computer 
is an invariable accompaniment to the system, and 
where this conversion can easily be done if the com- 
puter is large enough. 

A much more important question than whether 
information is presented in polar of cartesian form is 
the way in which the shapes are specified, whether 
you must specify blend points or merely that you 
want a 3” radius to blend between two straight lines, 
which latter seems to me desirable to save pro- 
gramming time. 

I accept what has been said about extremely 
complex cases in which, although you may make a 
three-dimensional model, under numerical control, 
you still have a very considerable waste of time in 
the setting up of the various templates. I have seen 
some incredibly complex Cincinnati machines in 
which there are 100 templates to fix on the machine, 
and the time taken to put them on is much greater 
than the operating time, and I do not think that is 
an economic process. In more reasonable cases — 
which means the majority — it is right to produce 
templates first, and so it may perhaps be in the case 
of turbine blades. 


Mr. S. W. Potter, A.M.I.Mech.E., A.M.I.Prod.E. 
(Development Engineer/Works, Royal Aircraft 
Establishment): I was surprised to hear the lecturer 
place the possibility of adherence to more kinematic 
principles of machine tool design last on his list. I 
should have thought that this was a fundamental 
first requirement to obtain the maximum accuracy 
from any known reproduction system. 

Along with some aircraft firms, we have the 
problem of producing highly accurate aircraft models 
for aerodynamic testing, and we hope eventually to 
produce a machine tool which is capable of fully 
programmed universal movement in three linear 
dimensions and possibly three angular dimensions, 
but this will take some time to develop, possibly four 
or five years. We know there will be a gain in 
producing a machine of that type. We are out for 
fundamental accuracy, and the systems of control 
known at the moment fall short of the ideal around 
which to develop a machine tool of that complexity. 
However, as an interim measure, we are taking 
advantage of an English machine tool which is 
capable of positioning, using punched card control, to 
this degree of accuracy. I say “ positioning” as 
distinct from “continuously moving” because the 
reaction of the machine tool during cutting is funda- 
mentally different. 

We are producing models by machining a series of 
facets tangential to the required profile, for which 
the machine itself is set to this extreme accuracy. To 
aid this machining of models, which includes milling 
the facets on an existing jig boring machine, we shall 
have a similar machine converted to programmed 
positioning on three axés whereas the present type 
controls only two axés. 

Reference was made by the lecturer to an inclinable 
fixture on a skin milling machine which was pro- 
gramme controlled. I should like to know what sort 
of accuracy of angular setting can be obtained on this 
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fixture. The degree of accuracy is interesting because 
we have a similar problem in the precise angular 
presentation of workpiece to cutter, and so far we 
have considered a linear scan well displaced from the 
centre, rather than adhering to circular scale setting, 
as being essential to obtain the accuracy required. 


Mr. Puckle : I am in agreement with Mr. Potter 
regarding the use of kinematic principles in the 
design of machine tools, and he is probably correct 
in suggesting that I have not sufficiently emphasised 
its importance. 


Mr. Booth: I agree with what you say in 
regard to the application of kinematic principles to 
machine tool design. I have no idea of the accuracy 
of the fixture movement on the skin miller. We 
merely control, not design, the tool. 


Mr. G. H. Taylor (New Development and Process 
Engineer (Aircraft), English Electric Co. Ltd., 
Preston): I agree that we have to walk before we 
can run in these matters, and feel there is an urgent 
need for such control, particularly in the manu- 
facture of wind tunnel models. 

In the majority of cases, however, the draughtsman 
draws the basic shape and leaves the rest to the 
mould loft, from which models and templates are 
made, but without dimensions. Dimensions are 
required for programming. 

Would it be possible to produce tapes from the 
movements carried out by the hydraulic machine, 
cutting out idle time and saving on computations and 
programming, and so get us where we want to go 
a bit faster ? 


Mr. Booth: It would be possible — in fact, it 
has been done by several organisations — to record 
the movements of a machine either under copying 
or manual control. It has been done by General 
Electric and others, and also by Hewittic in France. 
But I should have thought that the essential computa- 
tion had been done in the original model. 


Mr. Taylor : What about starting off from the 
mould loft ? We should want ordinates. 


Mr. Booth: Given a series of ordinates, that is 
basically what is needed for programming. 


Mr. Taylor: But it would mean working out a 
very much greater range of them, and there would be 
millions of calculations. 


Mr. Booth: Fundamentally, that additional 
process is one of interpolation which it should be the 
iob of the control system to do. Any control system, 
if given a long straight line to do, automatically 
introduces a long line of points all the way along, 
there being vast numbers of intermediate points. The 
same process is undertaken round curves. As long 
as enough points are produced to specify what you 
want, it is the job of the control system to do the 


additional work, and it should not involve an expert 
in the drawing office. 


Mr. Hollis : The success of the introduction of 
electronic equipment will depend largely on the 
presentation made generally. This equipment is 
costly — generally £15,000 or thereabouts — and 
while you can lose that sum of money in equipment 
costing, say, £100,000, it will be difficult to educate 
people who normally use plant valued between 
£2,000 and £10,000 to believe that they can afford 
an additional sum of £15,090, unless you can show 
that they will get some considerable productive 
advance resulting from the use of the equipment, or 
that they will get from the machine tool greater 
utility and versatility, in that it will do jobs that it 
previously could not do. 

We have hammered this matter out with a number 
of the electronics firms, and we think we have got 
somewhere towards the answer with regard to specific 
applications. We feel that electronics will be extremely 
useful in a case calling for a high degree of repetition. 
Yet we hear from electronics firms that they have 
themselves introduced numerical control, simply 
because of the great number of different problems 
with which they have to contend and that the 
versatility of the equipment justifies its cost. I 
wonder what views Mr. Puckle or Mr. Booth have 
about this. 


Mr. Puckle: I think these machines have one 
very great advantage in respect of tooling. In relation 
to turning out small quantities for making such 
things as templates and jigs, they have the advantage 
that they permit you to make rapid alterations. You 
can make another cam extremely quickly. One cam 
shown in the Paper took 45 minutes to make, com- 
pared with something like three weeks. That 
represents a value which you just cannot afford to 
be without. It is a case not of whether you can 
afford it, but of whether you can afford not to 
have it. 

When it comes to large quantity production, I 
think it depends on the type of industry you are in. 
If you are in the aircraft industry, particularly the 
civil aircraft industry, I think that what you call 
“large quantities ” are probably within the capability 
of the machine and the consistency obtained in 
repetition is of the greatest value. If, however, you 
want to turn out quantities of the 100,000 order. 
I would not suggest that you should try to do it with 
a numerically controlled machine. I suggest that you 
might make a model of it from your drawing with a 
numerically controlled machine, and then put the 
model on to a copying machine to make it in 
quantity. 

Another great advantage lies in its use in the model 
shop attached to a Research or Development Depart- 
ment. It becomes easy to obtain modified parts much 
more rapidly when a numerically controlled machine 
tool is available, and so the likelihood of “ bugs” 
appearing in the finished product is generally 
reduced. This should appeal greatly to the produc- 
tion engineer, because the value of the time and 
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trouble saved can be much greater than the cost 
of adding numerical control. Moreover, the time 
saved in research and development means that pro- 
duction can start earlier. 


Mr. L. J. Bolton (Production Superintendent 
(Hydraulics), Sperry Gyroscope Company Limited) : 
In regard to cutter compensation, it has been said 
that one of the difficulties is that, due to the swarf 
and the coolant, it is difficult to take a measurement 
of any cutter wear. Surely, however, it should be 
possible to measure the deviations of the form you 
have just cut from the desired line, by either optical 
or mechanical means, and feed that deviation back 
into the system and so make an allowance and 
correction for it. Has that been done ? 


Mr. Booth: Yes, in principle. One factor which 
arises is that some of the errors of the work are not 
necessarily repetitive. However, so far as the cutter 
itself is concerned, perhaps there it could be done. 
The worthwhileness of it depends on whether the 
errors that you want to correct are due to permanent 
effects such as wear of the cutter, or to factors such 
as strain in the machine, which will be different on a 
second cut, because the cutter load is much less. 


Mr. L. G. Burnard (Chief Development Engineer, 
Vickers-Armstrongs (Aircraft) Ltd.): 1 should like to 
revert to an earlier question about the use of drawings 
and the possibility of a machine which would be able 
to read a drawing. 


Would it not be possible, with the development of 
this technique in the future, to dispense entirely with 
drawings ? If a part such as a pipe or a wing 
contour can be described mathematically or 
numerically, it would be possible for the draughtsman 
or someone at the draughtsman’s desk to punch a 
card containing this numerical information and. 
possibly, information about the number of parts to 
be made, and pass it to the machine shop, so that 
we might get a part or parts from the shop without 
the intermediate planning, ratefixing, work office. 
production control, and so on. There is a possibility 
of this happening in the future. It may be that we 
shall then see our production control work done by 
a computer of some sort. There are millions of bits 
of information which could go into the memory or 
store of a standard computer so that, with certain 
parameters, it could give you immediately the infor- 
mation you want about the state of production in 
the shop. 


It is said in the Paper that one of the advantages 
of the analogue system is that if, for any reason, 
the machine is stopped, it will return to the position 
when next switched on, the voltage analogue having 
been determined. Surely that can also be done today 
with the digital system ? New binary coded scales 
are available which have unique positions for every 
increment that you wish to put along the machine 
tool slide. Thus, if there is a unique position, the 
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machine upon being switched on, will return to 
that position. Is that true ? 


Mr. Booth: Yes, that is already dealt with. 
I think the statement in the Paper is true. The digital 
systems in this country and America have been incre- 
mental systems, but in principle it is certainly true, 
and | know of a rotary form of what you describe. 


I would suggest that very often a qualitative 
drawing will be wanted, because most people have 
pictorial minds long before, and to a much greater 
extent than, they have numerical minds. I am sure 
that qualitative drawings will continue to be 
necessary. 


Mr. Burnard: I meant that the drawing could 
be done in the shops because there was a numerically 
controlled inspectorate. 


Mr. Booth: There is still the pictorial case to 
be considered. 


Mr. Puckle : Mr. Burnard is quite right in saying 
that a computer can be used for Shop Planning 
Control purposes, but that lies outside the scope of 
my Paper. 


The Chairman : It is a pity that we do not have 
more time for discussion. It has been most stimulating, 
We now have plenty to think about while our 
companies save up enough money to purchase 
numerically controlled machine tools. 


I should like to return to a point in Mr. Puckle’s 
Paper. He mentioned that an aluminium part was 
prepared in half a day and machined in 14 minutes, 
but it took 12 hours to inspect. I suggest that a 
numerically controlled checking apparatus be devised 
as quickly as possible, to obviate having to have a 
horde of inspectors checking the things turned out 
with the machine. 


The advantage of the equipment must be apparent. 
particularly in the accurate production of compli- 
cated machine parts in expensive materials which 
we are now having to face in the new projects — the 
very high tensile steels, titanium and similar materials. 


I thank Mr. Puckle on behalf of the Southampton 
Section of the Institution of Production Engineers 
for his excellent Paper. 


The vote of thanks was carried by acclamation. 


Mr. Puckle : The Chairman has remarked on an 
aluminium part made in 14-minutes which took 12 
hours to inspect. I would draw his attention to the 
fact that this statement appears in my extract from 
the Paper read by Mr. Wood in Cincinnati. We are 
in agreement that an electronic inspecting device 
would have great value for many purposes. On the 
other hand, perhaps I might say that once the first 
part has been made and checked, there should not 
be any need to check future ones made from the same 
tape! 
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WELDING DISTORTION PROBLEMS 


ENCOUNTERED IN THE GAS TURBINE INDUSTRY 


TPXHE advent of the gas turbine has introduced 

to the aircraft industry many problems not 
encountered during the manufacture of reciprocating 
engines. 

The design of the engine is such that large com- 
plicated components are required which are able to 
resist high temperature, high stress and have a good 
strength to weight ratio. 

These conditions have necessitated the use of heat 
resisting high strength steels and also the use of 
very thin-walled components. 

To produce these thin sections from a casting 
requires many hours of machining and, in some cases, 
the complicated shapes preclude normal casting 
methods altogether. 

Because of this, fabrication by welding of sheet 
materials is playing an ever increasing part in the 
production of gas turbines. 

Fabricated assemblies are now used in the very 
heart of the engine and a very high standard of 
precision is required. 

One of the great problems governing the successful 
manufacture of welded assemblies is weld distortion, 
and in this essay it is proposed briefly to examine its 
causes and the economic and technical difficulties 
involved in its correction. 


Definition of Weld Distortion 


Weld distortion is the change in shape, temporary 
or permanent, of the parts on assembly as a result 
of the operation of welding. 


Cause of Weld Distortion 


In order to understand the cause of distortion, it 
is necessary to consider the basic principle that all 
metals expand, to a greater or lesser degree, according 
to their co-efficient of expansion when subjected to 
a temperature rise. 

If the heat applied is uniform throughout the 
volume of the metal, the expansion will be uniform 
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in every direction and if cooling is equally uniform, 
then the metal will return to its original dimensions. 
If, however, the metal is restrained from expanding 
or contracting, distortion will take place. 

A simple illustration of this is to hold a bar between 
vice jaws (Fig. 1). On the application of heat to the 
bar, the expansion along its axis will be restrained 
and, therefore, greater expansion will take place on 
the diameter of the bar. As the bar cools, the 
contraction will not be restrained and the result 
will be a permanent deformation of the bar to reduce 
its length and increase its diameter. 

If we now consider the application of local heat 
to one particular part of the bar — the heated mass 
will try to expand in all directions, but its expansion 
will be restrained by the surrounding cold metal. The 
restraint may be likened to the jaws of the vice 
in the case of the uniformly heated bar. As the 
surrounding cold metal is restraining the expansion 
in all directions except on the surface to which the 
heat is being applied, the displacement of metal will 
occur over that area. When the area starts to cool 
and contract, a certain amount of the displacement 
remains permanent, causing an uneven contraction 
throughout the area. The result is distortion. 
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Any welding process necessitates the application of 
intense heat to a local zone of the components under 
fabrication. This means that whenever a weld is 
made, the basic cause of distortion is always present. 
It follows that weld distortion, although it may be 
minimised or accommodated, cannot be prevented. 


Weld Shrinkages 

As we have already seen, distortion is caused by 
uneven expansion or contraction of a metal, due to 
the application of heat. If the application of heat 
is so intense as to melt the metal, as in the case of 
fusion welding and particularly if filler material is 
added, then an additional contraction must be taken 
into account. 

The volume of molten metal formed in the weld 
pool will decrease on cooling by approximately 5°/ 
to 7°/,, according to the composition of the metal. 
This is generally referred to as weld shrinkage. 




















A. LOSS DUE TO TRANSVERSE SHRINKAGE 


B. LOSS DUE TO TRANSVERSE SHRINKAGE 
AND ANGULAR DISTORTION (6) 


FIG. 3 





The Practical Aspect of Welding Distortion and 
Shrinkage 

Let us now consider the principles of distortion 
and weld shrinkage as applied to simple welded 
joints. 
These joints may be divided into three types :- 
1. Butt joint. 
2. T or fillet joint 
3. Lap joint. 


1. Butt Joints 


Firstly we will examine the shrinkages and resulting 
distortion which take place in a welded butt joint 
(Fig. 2). 

The shrinkage in the joint occurs in_ three 
directions, namely, at right angles to the weld, 
parallel to the axis of ‘the weld and vertically through 
the weld. 

The latter is of little consequence in most thin 
gauge welding applications and, therefore, it is not 
proposed to discuss it further. 

Taking the simplest example of butt welding 
together two plates, shrinkage at right angles to the 
weld will cause a decrease in the overall width of 
the plates. The amount of shrinkage that takes 
place varies considerably with the degree of restraint 
applied to the plates, but the primary factor affecting 
the amount of shrinkage is the size of the cross- 
sectional area of the weld bead. The larger the 
weld bead, the greater is the shrinkage. A very 
approximate value of this weld shrinkage is }” per 
square inch of weld. 

When considering this transverse shrinkage, it is 
also necessary to take into account the angular distor- 
tion caused by the fact that there is a shorter length 
of contracting metal at the root than at the face of 
the weld. It will be seen from the diagram (Fig. 3) 
that the total loss of width is made up of a combina- 
tion of shrinkage in the horizontal plane, plus the 
angular distortion. 

Shrinkage parallel to the weld tends to reduce the 
overall length and this subjects the surrounding cold 
metal to compressive stress. If the metal is not 
sufficiently robust to resist this compressive stress. 
then bowing will take place in the horizontal plane. 

It is reasonable to assume that shrinkage parallel 
to the weld is proportional to its length, so that, 
assuining a constant weld bead, a weld 4” long will 
tend to have twice the parallel shrinkage of a weld 2” 
long, whereas both will have the same shrinkage at 
right angles to the weld. 


2. T or Fillet Joints 


In the case of T joints (Fig. 4) the angular distor- 
tion resulting from the unequal contraction through 
the weld bead is the most important, but it must 
not be overlooked that weld shrinkage parallel to 
the weld is also present. 

Another factor which must be considered in the 
case of T joints is the distortion due to expansion 
(Fig. 5). When the heat is applied to make the 
weld, the temperature on the reverse side of the 
plate will be raised at least to red heat. As this 








hea 
by 

per! 
seer 
was 
fina 
be 1 
can 


3. 
T 


simi 
acr¢ 
this 
shri 
on 
V 
resi 
all 
shri 
less 
pla 


Re: 
Bu 

C 
joir 
and 

7 
wel 
stal 


7 











—_—— 
oa 
_—=— 





—— 
oa = 
_ 





ANGULAR DISTORTION 
SINGLE FILLET 





— —_-— 
Tt die dee _— 





= _— 
Oe ie _— 








ANGULAR DISTORTION 
DOUBLE FILLET 


FIG. 4 


heated layer attempts to expand, it is restrained 
by the surrounding cold metal and, therefore, a 
permanent local set or bulge is caused. It will be 
seen, therefore, that although one end of the T-piece 
was originally flush with the face of the plate, its 
final length in relationship to the mating face will 
be reduced. It will be shown later how this distortion 
can have a very adverse effect in certain applications. 


3. Lap Joints 


The shrinkages encountered in lap joints are 
sunilar to those encountered in T-joints. Shrinkage 
across the weld pool causes angular distortion and 
this in turn causes the lapped faces to part. Parallel 
shrinkage is also present and so is the bulging effect 
on the underside of the plate. 

When considering lap joints, it must be noted that 
resistance welding by spot, stitch or seam methods are 
all lap welding applications and although the 
shrinkages obtained by this mode of welding are 
less than for fusion welding, they do in fact take 
place. 


Restoring of Accuracy After Welding 
Butt Welded Assemblies 


Gas turbine assemblies contain fusion welded butt 
joints in two main categories, namely, longitudinal 
and circumferential. 

Typical applications of longitudinal welds are the 
welding of rolled cones and cylinders and drop 
stamped segmental pressings. 

The weld shrinkage and distortion associated with 
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butt welds makes it impossible to fabricate these 
items to give a true component without further 
attention. Exactly how much attention should be 
given to the correction of the component depends 
upon its function in the assembly, and to the degree 
of accuracy of its fit to mating parts. 

As an example, rolled cylinders or cones which are 
strengthened by stiffening rings require a high degree 
of accuracy in size and form (Fig. 6). 

The stiffening rings are spot or seam welded to 
the casing and a very good fit is required to produce 
high quality resistance welds. The casing must be 
sized to within + .010” on diameter and the ring 
to within —.010" on diameter, giving a maximum 


gap of .020". 
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There are a number of ways of obtaining the 
desired result, but each follows the same _ basic 
principle, that is, to cause a permanent set in the 
material by expanding it beyond its elastic limit. 

The most common method in use, is known as 
“Stretch Sizing” (Fig. 7a). With this method the 
component is loaded on a segmented die which is 
expanded by hydraulic or mechanical means and 
thereby stretches the material beyond its elastic limit. 

Another method is to expand the component by 
means of heat treatment and allow it to cool on a 
collapsible mandrel. In this case the shrinkage stress 
is relied upon to expand the material. This operation 
is known as “ Shrink Sizing” (also Fig. 7a). 

A third method, known as “Hyde Sizing” (Fig. 7b). 
is performed by loading the component into a die and 
expanding it by fluid pressure to meet the walls of 
the die. 


Advantages and Disadvantages 


Certain advantages and disadvantages exist with 
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all three methods, from both a_ technical and 
economic aspect. 

Stretch sizing requires a special purpose machine 
or a hydraulic press to supply the power needed to 
actuate the conical ram. The initial capital outlay 
for either plant is high, but it must also be noted 
that the expanding dies can be used to size a large 
range of diameters and forms by the addition of 
appropriate shoes. The operation is a very short 
cycle and a fairly accurate size can be maintained. 

Shrink sizing requires a comparatively small capital 
outlay and the basic mandrel is very similar to that 
used for expanding, except that the conical ram 
is used only to lock the segments in position while 
shrinking takes place and is withdrawn to allow the 
segments to collapse. The disadvantage of this 
method is that considerable heat treatment capacity 
is required and the cycle time for heating and cooling 
is of fairly long duration. 

Hyde sizing will produce components of greater 
accuracy than the other two methods, because the 
die is either in one piece or split only in one plane. 
This means that no local flats occur on the com- 
ponent due to using segmented dies, as in the other 
methods. 

The technical difficulty associated with this method 
is the making of a die to withstand the very high 
pressures, which can be readily dismantled to remove 
the component. The high cost of making such a die 
also limits the use of this method to components 
requiring extreme accuracy. 


Circumferential Butt Welds 


Circumferential butt joints occur mainly where 
machined flanges are welded to a sheet metal casing 
(Fig. 8). The shrinkage occurring parallel to the weld 
tends to reduce the diameter of the assembly at the 
weld line, thereby causing the flange and casing to 
distort. 
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‘The angular distortion in the flange faces is quite 
often corrected by subsequent machining of the 
flange profile, an appropriate machining allowance 
being provided. Whether this apparently simple 
method of correction is a sound economic proposition 
is debatable. 

On large assemblies of, say, 40” diameter or more, 
as much as .100" of metal may be left on a face to 
ensure “clean up” on machining. The cost of 
removing this metal is much higher than may appear 
at first glance. 

The assembly not being of a robust nature does 
not lend itself to heavy cutting, therefore machining 
takes a considerable amount of time. The size of 
machine used and the class of labour employed makes 
machining hours a most expensive item. 

By expanding these welds locally on each side of 
the weld line, to restore them at least partially to 
their true plane, it will be possible to reduce the 
amount of metal required to true up, thereby reducing 
machining time. 


It will be seen that the stretch or shrink sizing 
applications can be used for sizing the sheet metal 
casing before welding flanges and sizing the sub- 
assembly of the casing and flanges. 

Preventing distortion during welding of longitudinal 
or circumferential butt welds is not a_ practical 
proposition. In the case of rolled cylinders and 
cones, a true form is not obtained from rolling and, 
therefore, even if weld distortion could be eliminated 
a true formed component would not be obtainable. 

Preventing angular distortion by heavy clamping 
on flanges does reduce distortion to a certain degree, 
but the weld is in a state of tension and although 
the flange face may be held flat in the jig, it will 
distort as soon as the clamping pressure is removed 
and will further distort on being heat treated. Very 
severe restraint of the welded parts may also lead to 
weld cracking. It is, therefore, considered better to 
correct the distortion after the assembly has been 
heat-treated to remove the hardened zones from the 
weld bead and heat affected zone. 
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Fillet Welded Assemblies 

Fillet joints are used in a variety of applications 
on gas turbine assemblies, but they are mainly 
encountered in welding precision cast or machined 
details around main casings, and in welding correcting 
vanes between inner and outer casings. 

The shrinkages, bulging, and angular distortion 
associated with fillet welds give rise to complex 
distortions, but the resultant effect is almost always 
for the detail component to move towards the centre 
of the casing to which it is being welded (Fig. 9). 

Details welded to a single casing assembly (Fig. 10) 
can be expanded to their correct centreline dimension, 
but double action expanding equipment is required. 
One set of segments must be expanded to hold the 
general form of the casing, while a second set expand 
locally at the detail position. 

It is also possible locally to expand the casing 
before welding the details, and the advantage of this 
would be that the completed weld would not be 
subject to further cold working, therefore cracking 
would be less likely. 
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So far as is known, double action expanding has 
not been used to any great extent due to the very 
high cost and the technical difficulties of producing 
suitable equipment. 

The method now in common use for accommodating 
this distortion, is to allow extra metal on the mating 
edge of the component to offset the amount lost on 
centreline dimension due to distortion. Although this 
method is simple and effective, its great disadvantage 
is that it impairs the strength to weight ratio 
(Fig. 11). 

Distortion can be reduced during welding by 
backing the underside of the welded detail with a 
copper faced jack, but again this may increase the 
amount of cracking in the weld. 

In the case of assemblies having two casings joined 
by a series of vanes, distortion from filler welds 
becomes even more complex. The welding of the 
vanes will cause the circular casing to take the form 
of a polygon having as many sides as there are 
vanes. This means that the diameter of the casing is 
reduced by the flat between the vanes. If it is now 
required to weld a detail between the vane positions, 
it will be seen that a certain loss on centreline 
dimension has already occurred before welding of the 
detail takes place. The welding of the detail will 
cause further loss and a combination of these losses 
can assume large proportions and may result in a 
reduction of as much as .150” on _ centreline 
dimension (Fig. 12). 
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It seems that little can be done to correct distortion 
caused by the welding of vanes. Expanding is 
impracticable, as the existence of the inner casing 
prevents expanding of the outer casing, while the 
inner casing is usually of unsuitable design for 
expanding. It therefore appears that the only line 
of action is to fabricate the details to the outer casing, 
and maintain their centreline dimensions on the 
plus side by either pre-expanding or expanding after 
welding, in order to accommodate the vane distortion. 

The problems encountered in local fillet welding 
distortion are very difficult to correct, and much work 
remains to be carried out before a satisfactory solution 
is reached. 


Lap Welded Assemblies 

Lap welds have their greatest application in the 
resistance welding techniques of spot, stitch and seam 
welding. 

The amount of distortion associated with these 
techniques is less than that produced by fusion 
welding. The reasons for this are that the heat 
imput is of very short cycle, is very local and is more 
accurately controlled. 

Resistance welds by these techniques are either 
longitudinal or circumferential and the methods used 
to correct distortion are similar to those already 
described for fusion welding. 


Design of Welded Assemblies 


The production of welded assemblies would be 
very much simplified if the designer would give more 
indication as to which are the important dimensions 
on an assembly. 

The remark that appears on most drawings stating 
that all dimensions, unless otherwise stated, should 
be within + .010” should, in my opinion, be removed 
from fabricated assembly drawings and a_ wider 
tolerance instituted. 

The Planning Engineer endeavours to maintain 
all dimensions within the + .010” limit, because he is 
not in a position to know whether it is essential to 
do so. If he finds himself unable to maintain this 
limit and applies for concession, he may find that a 
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particular detail is coupled to a Hexible pipe, or is 
only a drain boss, and its position may be satisfactory 
within + .050”. 

Some American aircraft fabrication drawings give 
tolerances of ;°;", a limit I have never seen on British 
drawings. 

If the designer would indicate more fully which 
are the important dimensions and give maximum 
tolerance on the relatively unimportant ones, then the 
Planning Engineer could concentrate on maintaining 
the important and not waste time and money on the 
unimportant. 

Designers can help minimise distortion by the 
positioning of welds, a simple example of this being 
the amount of angular distortion caused by the 
position of circumferential welds (Fig. 13). 

Fillet welds should be avoided where yossible and 
butt or lap welds used instead. A simple example of 
the use of butt welding instead of fillet welding is 
shown in Fig. 14. This application shows the re- 
positioning of a weld on a compressor casing half 
section. 
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Conclusions 


This essay has attempted to emphasise the need 
for production, welding and design engineers in the 
gas turbine industry to continue increasingly in their 
endeavour to study and understand the complex 
subject of weld distortion. 


The reduction of weld distortion is essential for 
three reasons :- 
1. To reduce the amount of machining required 
from the economic viewpoint. 


no 


To reduce the amount of machining, thereby 
reducing the stress set up by machining. 


3. To avoid impairing the strength to weight ratio 
by adding additional material which is not 
essential to the function of the assembly. 


The production engineer must endeavour to pro- 
duce a welded assembly as close as possible to a fully 
machined part, consistent with the economic 
considerations. 








AIRCRAFT PRODUCTION CONFERENCE — OPENING ADDRESSES 


(concluded from page 144) 


It was often said, Mr. Maudling went on, that there were too many individual firms in 
the aircraft industry. That might well be so. Obviously, there would be great advantages in the 
development of larger and stronger individual units. But he thought it would be a very 
foolish man who attempted to lay down the number of firms that there ought to be and what 


those firms should do. 


It was not possible to make progress in these matters by compulsion. It must be rather 
a natural progression. It was all very well for some ingenious planners and theoreticians to 
say: “Let us have bigger firms. Put two firms together and get a super-firm”’, but he would 
like to see them putting two chief designers together and getting one super-designer ! 


He believed that the Government’s job was to do all it could to see that the pattern of 
demand placed on the industry was such as to encourage the growth of the sort of units or 
companies or associations which would be enabled best to use national resources, in materials 
and human brain-power, to compete with giants like America and Russia in the future. 


It all came back, in Britain, to brain-power, to engineering manpower, to designers, to 
draughtsmen, and to development and production engineers. If those assets were wasted, it 


would indeed be a very great default. 


Anything that the members of the Institution of 


Production Engineers could do to expand the scientific and technical resources of this country, 
which were so important to the future of Britain, would be of lasting benefit to all the people 


who live in this island. 





















THE DELFT CONFERENCE 


The following comments on the Report of the Delft Conference on the teaching 


of production engineering at University level (published in the December, 1956, issue 


of the Journal) have been received from Mr. W.G. Ainslie, M.1.Prod.k., Lecturer in 


the Department of Engineering Production at Birmingham University. 


Mr. Ainslie serves on both the Education and Research Committees of the 


Institution. 


FEEL we must guard against tacit transfer of 

authority and I! would question whether the 
universities have proved their efficiency in this field 
of education to be so good as in other fields, and 
whether their judgment is justified on the following 
matters in the Report of the Delft Conference.* 

On page 4 of the Report (Institution of Production 
Engineers Journal. December, 1956, page 718). 
regarding the comments on the Institution of 
Production Engineers’ proposed revised syllabus, they 
ignore the fact that the examination is intended for 
external candidates as well as college students. While 
the latter could no doubt be subject to supervision in 
the preparing of the thesis or disquisition, the former 
could not, and their theses would not, carry an 
absolute guarantee of original work or investigation. 
Marking and assessing also present grave difficulties 
and guidance on choice of topics, methods of treat- 
ment and background subjects would be necessary 
which, in effect, would become a syllabus similar to 
the proposed scheme. 


Page 4. paragraph 9 (Institution of Production 
Engineers Journal, December, 1956, page 718, para- 
graph 9). 

After agreeing wholeheartedly that “the universities 
endeavour to train a well selected element of the 
population in the discipline of pure thought plus the 
use of the imagination”, I am at a loss to see why 
this can only be done by “ physical science, economics 
and psychology ”. Is there no deep thought required 
in the design of machine tools. in investigating the 
theory of cutting metals, in the study of the theory 
of rolling. or in the analysis of the kinematics of a 
spiral bevel generator, to mention only four of many 
complete fields ? The attitude adopted in the para- 
graph under discussion is similar to that in the Battle 
of the Classics of last century, when the introduction 
of physical science into the universities was so bitterly 
opposed. The classical outlook that Greek and Latin 
would train the mind, developing its capacity for any 
future study, closely resembled the theory that it 





* Obtainable from the Institution, price 3/6 per copy. 
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does not much matter what a man studies providing 
he does study (even Plato wished to train his 
“Governors” by giving them 10 years on analytical 
geometry!). It was here that the physical 
scientists took issue, observing that there was 
as much mental development to be derived 
from the study of Applied Mathematics and 
Applied Physics as from the Classics, that many 
more students who disliked language study would be 
attracted to the sciences and hence actually would 
develop mentally more rapidly. After graduateship, 
they then not only had mental capacity im vacuo 
but a certain ability in the theories behind the 
technologies which put them in front of the arts man. 
The physical scientist. now accepted, has himself 
adopted the classic argument against the production 
technologist! We maintain that a graduate can 
have just has much, sometimes more, mental training 
by studying many aspects of production engineering 
if they are taught analytically, although very few 
possess this knowledge to teach it, since they them- 
selves have not been taught that way — a vicious 
circle ! 


This again is seen by the enlightening comment on 
page 6, paragraph 2 (Institution of Production 
Engineers Journal, December, 1956, page 720, para- 
graph 2), that “it has been felt that knowledge of 
manufacturing methods and ability in management 
would come with experience some time after students 
left the universities”. This is deplorable and reveals 
the direct reason for our national plight. How 
scientific is it to leave to chance the acquirement of a 
knowledge of running the nation’s factories, or to lay 
the responsibility for the instruction at the door of 
industry without giving any guidance whatsoever ? 


Page 10 (Institution of Production Engineers 
Journal, December, 1956, page 724, last paragraph). 


It is interesting to see that Aachen and Delft each 
has a Professor in Machine Tool Design, whereas 
British universities do not acknowledge the need for a 
Professor in the whole field of production engineering. 
far less one aspect of it! 
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Comment on Recommendations — page 12 
(Institution of Production Engineers Journal. 
December, 1956, page 726). 


The general contention that there should be further 
development of university schemes in Great Britain is, 
of course, merely stating the obvious, but the 
necessity for integrating the whole course with Work- 
shop Practice is most welcome, if it is implemented. 


The structure suggested is also the 1-3-1 Sandwich 
Course already in operation in several universities, 
which does not disturb the traditional academic year. 
On page 9. (a) 1 (Institution of Production Engineers 
Journal, December, 1956, page 723), it is stated that 
a sandwich course of six months in the university 
and six months in the workshop is “entirely out 
of the question”, but this is neither proven nor 
acceptable. Indeed, it has been in operation at 
Glasgow University for many years and has proved 
very successful, giving more time each year to the 
University for research, more time to employers, and 
a shorter period of intense study to students ; and 
the quality of Glasgow University and R.T.C. 
engineering graduates is world-famous. I advocate an 
unbiased enquiry into the six-month per year 
university sandwich course to extend over a period of 
four years at least. 


Further, in the recommendation on page 12, three 
years’ basic engineering study is advocated “if possible 
with some bias towards the principles of production 
engineering”. This is quite unacceptable and is 
merely a restatement of orthodox university policy 
towards production engineering. I suggest that the 
1-3-1 system should be arranged as follows :- 


Ist Year. Basic Engineering Studies. 
2nd Year. Basic Production Engineering Studies. 


3rd Year. Advanced 
Studies. 


Production Engineering 


A tentative grouping of subjects could be :- 


Ist Year 


Mathematics 

Strength of Materials 
Metallurgy 

Mechanics of Machines 
Mechanics of Fluids 
Electrical Technology 
Structure of Industry 


2nd Year 


Mathematics 

Strength of Materials 
Metallurgy 

Mechanics of Machines 
Production Technology 
Metrology 

Tool Design 

Economics 

Principles of Management 


3rd Year 

Technical Analysis (= 
Advanced Mechanics) 

Theory of Machine Tools 

Advanced Metrology 

Tool Design (jigs. fixtures, gauges, cutting 
tools) 

Machine Tool Design 

Control Engineering (= or Technology of 
Automation) 

Process Co-ordination (= Plant Layout, 
Materials Handling, Production Planning, 
Work Study) 

Estimating and Costing 

Apphed Statistics 


Mathematics and 


For a four-year scheme as suggested earlier, the 
final year would have greater emphasis on Human 
Relations. Procedure Analysis, Psychology of Thought, 
and Management Practice. 


There are a few educationists and industrialists 
who feel that instead of production engineering being 
a subject of doubtful mental discipline for inclusion 
in university studies, it is deserving of the position 
of a faculty, with separate departments having pro- 
fessional chairs in, say, Industrial Metallurgy. 
Production Technology, Machine Tools, Metrology, 
Control Engineering, Management, Economics, 
Accountancy, Statistics, and Work Study. If such 
faculties existed today, there would not be such an 
extreme shortage of scientists and technologists of 
the kind needed by industry and the nation. 


W. G. AINSLIE. 








SCHOFIELD TRAVEL SCHOLARSHIPS 


The Schofield Travel Scholarships are among the 
most valuable awards open to students in engineering. 
They offer Graduate members of the Institution of 
obtain 
experience in other countries. All Graduate members 
of the Institution are eligible. Application forms 
may be obtained from the Secretary. Senior 


executives who have Graduate members in their 


Production Engineers opportunities to 


employ are invited to encourage these employees to 
apply for the Scholarship. 
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Production Engineering Research Association of Great Britain 


Quarterly Newsletter 


to the Institution 


Brief Review of PERA Activities in 1956 

Keener competition in overseas markets and rising 
prices at home stimulated greater and more effective 
use of all PERA research, information and training 
services by members generally in 1956. As the 
Association’s income increased substantially during 
the year, it was possible both to expand existing 
services and to introduce new services, such as resi- 
dential training courses for key personnel in industry. 
Considerable progress was made with the construction 
of the new research block, which is now nearing 
completion, as shown in the accompanying photo- 
graph. 


Research 

During the year, general investigations were carried 
out on machining, stamping, machine tools, impact 
extrusion, tool grinding, de-burring, cutting fluids, 
automation, deep drawing, rolling bearings, vibration, 
grinding, machine tool lubrication, surface finish, etc. 
Nearly 160 practical investigations were also carried 
out for individual members. Examples of the results 
obtained in some of the general investigations are 
given below. 

Large increases in drill life and higher rates of 
production have been reported by a number of firms 
applying the results of PERA’s researches on the 
drilling of cast iron, non-ferrous alloys, etc. When 
drilling cast iron, the most suitable point angle varies 
with the cutting speed and feed, and the type of cast 
iron drilled, but laboratory and field tests carried out 








in conjunction with members have led to the develop- 
ment of suitable point shapes for various conditions. 

Preliminary tests indicated that different methods 
of thinning drill points which are being investigated 
by PERA may significantly affect performance. Con- 
firmation of these results is being sought in a further 
series of tests. 

Further field tests were carried out with special 
oil-less cutting fluids developed by PERA. These 
fluids are comparable in performance to soluble oils 
but cost less. The corrosion characteristics of the 
experimental fluids are similar to those of soluble 
oil emulsions. Various methods of applying cutting 
fluids are also being investigated. 

Research into a “finish blanking” technique 
developed at PERA is establishing the most suitable 
conditions for the production of blanks with smooth 
crack-free edges without the need for subsequent 
shaving or machining operations. Significant reduc- 
tions in production costs have been made by some 
member-firms applying PERA’s recommendations for 
finish blanking ferrous and non-ferrous materials. 

Preliminary results obtained in a deep drawing 
investigation indicated that substantial increases in 
depth of draw can be achieved under conditions 
which differ markedly from conventional practice. 

An investigation into the accuracy of assessing 
surface finishes by means of plastic replicas showed 
that substantial errors could arise, and indicated the 
conditions under which acceptable assessments might 
be made. 

(concluded on facing page) 











PERA’s new research block, which is nearing completion, 
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REPORT OF THE MEETING OF COUNCIL 


Thursday, 31st January, 1957 


HE third Council Meeting of the 1956/57 Session 

was held at 10 Chesterfield Street, London, W.1, 
on Thursday, 3ist January, 1957. The meeting, at 
which the Chairman of Council, Mr. H. G. Gregory, 
presided, was attended by 30 members. Mr. G. C. 
Oram, Chairman of the Lincoln Section, was present 
by invitation. 

Before proceeding with the business of the meeting, 
the Chairman read a letter from Miss N. E. Bottom. 
Honorary Secretary of the Halifax Section, expressing 
her thanks for the flowers which the Council had 
sent to her during her illness. 


Finance 

The Income and Expenditure Account for the 
period July, 1956/December, 1956, was received by 
Council, and it was noted that in the main the 
Institution’s finances were running fairly true to 
budget. 





PERA NEWSLETTER — continued 


Technical Enquiries 

Very heavy demands were made in 1956 on the 
Technical Enquiry Service, which dealt with nearly 
2,000 individual requests for technical assistance from 
members during the year. Many of these problems 
necessitated close investigation on the shop floor by 
the Association’s engineers as well as_ practical 
investigations in PERA laboratories. These enquiries 
embrace most aspects of manufacture from the 
delivery of raw materials to the shipment of finished 
products, including design for production, machining, 
deep drawing, die casting, assembly, finishing, 
inspection, etc. Typical of the economies made by 
firms applying the Association’s recommendations were 
a saving of approximately £3,000 per annum in the 
production of bearings ; a reduction of two-thirds in 
the cost of producing brush boxes by substituting an 
impact extrusion for a riveted assembly ; a reduction 
of 160,000 per annum in the number of shells 
scrapped during deep drawing operations by 
improving tool design and operating conditions ; and 
a saving of £2,000 on one order for label frames. 


Mobile Unit 


During the year the Mobile Unit completed its 
first tour of members, having visited more than 400 
factories and given demonstrations, etc., to about 
15.000 industrial personnel. The leading vehicle is 
equipped as a cinema or lecture theatre, and the 
trailer can be used as a demonstration bay for talks 
to workshop personnel. Practical demonstrations of 
tool grinding and measuring techniques, etc., are also 
given. A number of films giving practical guidance 
on impact extrusion, finish blanking, improved 
grinding techniques, automation, drilling, etc., have 
been made, and are being shown to factory personnel. 


Regional and Section Honorary Secretaries 
Conference 
It was reported by the Finance and General 
Purposes Committee that in order to encourage 
attendance at this important Annual Conference, it 
had been decided that those attending might, if they 
so wished, make a claim for expenses within limits 
defined by the Committee. 
The next Conference would be held at 
10 Chesterfield Street, London, W.1, on Wednesday. 
22nd May, 1957. 


Nomenclature of Sections 

It was reported that the following Sections had 
agreed to a change of name, in view of the fact that 
a certain amount of confusion had been arising owing 
to the inconsistency of the names of some Sections. 
The changes so far agreed are as follows : 


Old Name New Name 
Halifax Halifax and Huddersfield 
Yorkshire Leeds 
Eastern Counties Ipswich and Colchester 
West Wales Swansea 
South Wales Cardiff 
North Eastern Newcastle-upon-Tyne 
Southern Southampton 


National Conference, 1957 

The Council reaffirmed their decision that a 
National Conference should be held during 1957, in 
spite of the difficulties created by oil and petrol 
rationing. 


** Variety Reduction ” 

The Secretary reported that in conjunction with 
the British Standards Institution and the British 
Productivity Council, the Institution had published 
in booklet form the Papers presented by Professor 
H. W. Martin, of the Rensslaer Polytechnic 
Institution, New York, at the Production Conference 
at Olympia last May, and at the Conference of 
Standards Engineers, which also took place last May. 

Copies of this publication were now available at 
5s. each. 


Appointment of Education and Technical Officer 

The Secretary reported that Mr. F. W. Cooper, 
B.Sc.(Eng.), M.I.Mech.E., M.1.Prod.E., had accepted 
the appointment of Education and Technical Officer 
to the Institution. and would take up his duties on 


Ist April, 1957. 
President, 1957/58 


The Chairman of Council announced that Mr. 
E. W. Hancock, M.B.E., had decided not to offer 
himself for re-election as President for a second year, 
although every effort had been made to persuade 
him to do so. 
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The Chairman, therefore, gave notice, in 
accordance with Article 40, that at the next Council 
Meeting the Finance and General Purposes 
Committee would recommend that the Rt. Hon. The 
Earl] of Halsbury, President-Elect, would take office 
as President on Ist July, 1957. 


Schofield Travel Scholarships 

The attention of Council was drawn to the fact 
that for a variety of reasons the adjudication of the 
Scholarship Awards now tended to take place towards 
the end of the year concerned. The Awards 
Committee had now decided to advance the closing 
date for the 1957 Scholarship and to bring back 
the closing date for the 1958 Scholarship by a short 
period in each case, so that the two dates would 
coincide. In this way. two Scholarships would be 
awarded simultaneously, to cover the two years, and 
thereafter the timing of the Award would be more 
appropriate. 


Broadening of the Base 

It was reported that the discussions between the 
Finance and General Purposes Committee, the 
Education Committee and the Membership 
Committee, on methods of modifying the Institution’s 
examination to give effect to the broadening of the 
base proposals, had now reached a stage where it was 
possible to see clearly the direction in which the 
modifications would go. The Chairman of the 
Education Committee had given an undertaking to 
the Finance and General Purposes Committee that 
complete proposals, supported by a new examination 
structure and syllabuses for each subject, would be 
placed before the Council within the next 12 months. 


Aircraft Production Conference 

It was reported that the Fifth Annual Southampton 
Section Conference on “Problems of Aircraft 
Production ”, held at the University of Southampton 
on 8th/9th of January last. was again highly success- 
ful. The steady increase in the number of applications 
to attend the Conferences seemed to indicate that 
these meetings filled a definite need within the 
industry. The proceedings of the Fifth Conference 
would be published in the March and April issues 
of the Journal. 


Summer School, 1957 

The Education Committee announced that the 
1957 Summer School would be held at Ashorne Hill 
from 24th/28th July, 1957. The suggested theme 
was “Education and the Professional Production 
Engineer ”’. 


Delft Conference Report 

It was reported that the Education Committee 
were considering the recommendations made in the 
Delft Conference Report, with a view to submitting 
their suggestions to Council for further action. 


The Journal 


It was reported by the Editorial Committee that a 
new series of leading articles was being planned, 
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which would expand the theme of the article by 
the President on “The Challenge of the Age”, 
recently published in the Journal. An approach was 
being made to leading industrialists in other countries, 
inviting their comments on “ How is the Challenge 
Met Elsewhere ?”’. 

With regard to advertising, a satisfactory level 
was being maintained, although the effect of the 
Suez emergency and present national circumstances 
had to be taken into account. 


Promotion of Papers 

It was reported that the Editorial and Papers 
Committees had considered at length ways and means 
by which members of the Institution, and particularly 
the younger members, could be encouraged to 
prepare Papers for presentation to the Institution, in 
either written or verbal form. It was felt that a 
useful step would be to appoint in each Section 
Committee a Papers Secretary, whose responsibility 
it would be to seek out “local talent” in his own 
area, and who would also arrange, either through the 
Section or through Head Office, for intending authors 
to receive any necessary help in the physical prepara- 
tion of manuscripts and illustrations. 


Institution Papers 

The Papers Committee reported that since the 
last Council meeting, the 1956 Sir Alfred Herbert 
Paper had been presented to the Institution in 
Manchester, when Dr. B. V. Bowden, Principal of 
the College of Science and Technology, had given 
an outstanding address on “The Development of 
Technological Education in Europe, America and 
England”. The lecture was followed by a stimulating 
discussion, and the occasion attracted much notice 
in the educational and technological world. The 
Paper and discussion would be published in_ the 
February issue of the Journal. 

Arrangements were now well advanced for the 
presentation, in Sheffield, on 18th March next, of the 
1956 George Bray Memorial Lecture, when Mr. 
Stafford Beer, Head of the Department of Operational 
Research and Cybernetics of The United Steel 
Companies, Ltd.. would speak on “The Scope for 
Operational Research in Industry”. 

With regard to the 1957 Sir Alfred Herbert Paper. 
arrangements had now been made for this to be 
presented at the Royal Institution, London, W.1, on 
Thursday, 31st October, 1957, at 6.30 p.m. The 
speaker would be Dr. H. Barrell, Head of the 
Metrology Division of the National Physical 
Laboratory, whose subject would be: “The Bases 
of Measurement ”. 


Research 
The following reports were made on behalf of the 
sub-committees of the Research Committee :- 


Materials Handling. There has been no meeting of 
the Materials Handling Sub-Committee during the 
quarter, but at the request of the Finance and 
General Purposes Committee, the Formation of 
Divisions Sub-Committee met to investigate the desir- 
ability of setting up a Materials Handling Division 
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within the Institution. As a result of their delibera- 
tions, it was decided to recommend to the 
Finance and General Purposes Committee that the 
existing Materials Handling Sub-Committee be given 
the status of a Specialist Group, under the title of 
“ Works Planning and Materials Handling”. It was 
also decided to recommend that the organisation 
should be on a Regional and Sectional basis and that 
in the first year the Group Committee be appointed by 
the Research Committee, but thereafter nominations 
should be invited from members of the Group. These 
recommendations are now under consideration. 


Material Utilisation. The Sub-Committee has met 
once during the quarter and the Notes for Guidance 
of Sections in setting up working groups are now 
almost complete. 


Sources of Information. It is hoped that the final 
draft of the Directory will be submitted to the 
Research Committee for approval by Ist March, 
1957. 


Control of Quality. Considerable progress has been 
made by the Sub-Committee. It is hoped that the 
draft report will be ready for submission to the 
Research Committee for consideration at the March 
meeting. 


Joint Research Committee. The Sub-Committee on 
“Electronic and Kindred Modern Developments as 
Applied to Process Loading” has held two meetings. 
Case studies are being collected and further research 
is being: conducted into these problems. 


The Sub-Committee on “The Effective Use of 
Shiftworking in Industry” is experiencing a little 
difficulty in getting information from industry, but 
research into this problem is being continued. 


Human Relations in Industry. After considerable 
investigation by the Research Committee, it has been 
decided that it would be unnecessary to set up a 
Sub-Committee on this subject, as nearly all aspects 
of it have been covered already, but it was recom- 
mended that in any report published by the 
Institution, some space should be devoted to this 
important matter. 


Standardisation 


It was reported that the Standards Committee’s 
recommendation for the revision of B.S.1886, having 
been approved by the Council, had accordingly been 
submitted to the British Standards Institution, who 
were taking action in this matter. 


Work was progressing in the two Sub-Committees 
recently set up, on (a) International Standards ; and 
(b) Unit Heads and Platens. 


A meeting of the Joint Advisory Committee with 
B.S.I. had been held, and it had been agreed that the 
1957 Conference of Standards Engineers should 
be held in London, on Thursday, 9th May, 1957. 


The Standards Committee are pleased to note that 
their Chairman, Mr. H. Stafford, has been appointed 
Chairman of the Conference. 


The Committee continues its work of commenting 
on draft B.S. specifications, and of appointing 
I.Prod.E. representatives to serve on B.S.I. Technical 
sommittees, by invitation of B.S.I. 


Hazleton Memorial Library 


It was reported that the Library had had a very 
busy quarter. Bibliographies have now been compiled 
on Stress Corrosion of Light Metals ; Automation ; 
Computer-controlled Machine Tools; Tool Grinding; 
and Technical Education, in addition to numerous 
short reading lists on a wide variety of subjects. 


The Council were extremely sorry to learn that the 
Past Chairman of the Library Committee, Lord 
Sempill, had recently met with an accident, and it 
was agreed that a message of sympathy and good 
wishes be sent to him. 


Region and Section Reports 


The Council received a number of reports from 
Regions and Sections, extracts from which appear on 
pages 209 - 213. 


Membership 


The Council approved a number of recommenda- 
tions for membership and transfer, details of which 
are given on pages 207 - 208. 


Sections Outside the United Kingdom 


Mr. H. W. Bowen, O.B.E. (Vice-Chairman of 
Council), reporting on liaison with Sections outside 
the United Kingdom, asked that any member of the 
Institution who went abroad on business should make 
every effort to attend meetings of overseas Sections, 
if there was one in the area visited, or to make contact 
with the Chairman or Secretary. This was always 
greatly appreciated by the Sections concerned. 


Among visitors to Head Office from overseas had 
been Mr. S. Krishnamurti, of Bombay, and other 
visitors were expected in the near future. 


The Annual Report of the Secretary to the 
Australian Council showed that all the Australian 
Sections had had a very active and progressive year. 
Further reports of progress had been received from 
New Zealand and South Africa. 


Loughborough College — Appointment of 
Governor 


The Council unanimously adopted the Education 
Committee’s recommendation that Mr. S. Radcliffe, 
M.1.Prod.E., be nominated to serve on the Board of 
Governors of Loughborough College for a further 
period. 
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Honours 


The Council were pleased to record that Her 
Majesty the Queen had conferred the following 
awards on members of the Institution :- 


O.B.E. — Mr. C. D. Alder, Member. 
M.B.E.— Mr. W. D. Hopkins, Associate Member. 


Obituary 


The Chairman referred to the sad loss which the 
Council had sustained by the death of Mr. Tom 
Fraser, C.B.E., Hon.M.1.Prod.E., Member of Council. 
Mr. Fraser had given long and valuable service to 
the Institution. During his period of membership 
he was President of the Manchester Section, 
Chairman of Council, and a Trustee of the 
Institution. (An appreciation of Mr. Fraser appears 
on page 214 of this Journal.) 


The Chairman also referred to the death of Mr. 
J. D. Frier, Member, who had served on the Joint 
lixamination Board for many years. In addition, 
the Council recorded with deep regret the deaths of 
the following :- 


Members: H. J. Bavington; G. S. Blackburn ; 
L. Carter; D. M. Doak; E. R. Schofield ; 
J. E. Steel ; L. H. Wadsworth. 


Associate Members: H. G. Jenkins ; H. Low. 
Associate: A. F. Hamilton-Jenkins. 


Student : A. G. Orchard. 


Date and Place of Next Meeting 


It was agreed that the next meeting of Council 
should be held at 10 Chesterfield Street. London, 
W.1, on Thursday, 25th April, 1957. 








REPORT OF THE ANNUAL GENERAL MEETING 


Thursday, 31st January, 1957. 


HE 35th Annual General Meeting of the 

Institution was held on Thursday, 3lst January, 
1957, at 2 p.m., at the headquarters of the Institution, 
10 Chesterfield Street, London, W.1. The President, 
Mr. E. W. Hancock, M.B.E., was in the Chair. 


Notice Convening Meeting 
The Secretary (Mr. W. F. S. Woodford) read the 


notice convening the meeting. 


Minutes 


The Minutes of the previous Annual General 
Meeting, held on 26th January, 1956, which had 
been published in the January, 1957, Journal, were 
taken as read and confirmed on the motion of Mr. 
J. H. Winskill, seconded by Mr. E. Percy Edwards, 
and were signed as correct. 


Election of Members to Council 


The Report on the Election of Members to Council, 
also published in the January, 1957, Journal. was 
received on the motion of Mr. A. Betts Brown, 
seconded by Mr. R. Hutcheson. 


Annual Report of Council 


Mr. H. G. Gregory (Chairman of Council) moved 
that the Annual Report, which was published in the 
January, 1957, issue of the Journal, be taken as read 
and adopted. Mr. F. T. Nurrish, M.B.E., seconded 
the motion. 
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The President invited questions or comment and, 
none being forthcoming, put the motion for the 
adoption of the Report, which was carried 
unanimously. 


Statement of Income and Expenditure, Balance 
Sheet and Auditors’ Report 


On the motion of the Chairman of Council, 
seconded by Mr. H. Burke, the accounts were 
adopted. 


Election of Auditors, 1956/57 


On the motion of Mr. J. H. Winskill, seconded by 
Mr. A. S. Johnstone, Messrs. Gibson, Appleby & 
Company, Chartered Accountants, were re-elected 
Auditors to the Institution for the year 1956/57, and 
thanked for their previous services. 


Election of Solicitors, 1956/57 


On the motion of Mr. J. M. Brice, seconded by 
Mr. G. R. Blakeley, Messrs. Syrett & Sons were 
re-elected Solicitors to the Institution for the year 
1956/57, and thanked for their previous services. 


Votes of Thanks 


The President said it was the privilege of the 
reigning President to propose a vote of thanks to the 
immediate Past President, Past Chairman of Council, 
and Past Vice-Chairman of Council, and to all the 
officers of the Institution. He always liked to thank 
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publicly those who had given their services freely in 
the endeavour to forward an activity of real worth, 
and the present was a typical occasion for doing so. 


He wished to pay tribute to his predecessor as 
President, Sir Leonard Lord, whom he had known 
ever since they had been young production engineers 
together. Although members might not have seen a 
great deal of Sir Leonard in person, he had done, 
and no doubt would continue to do, a considerable 
amount of work in the interests of the Institution. 
There were many ways in which Presidents could 
help the Institution, and Sir Leonard’s way had 
helped it considerably. 


Next, there was the man who had really run the 
Institution, the Past Chairman of Council, Mr. G. 
Ronald Pryor, who typified the attributes to which 
the President had just referred. Mr. Pryor was a 
completely unselfish man ; wherever in the country 
he was required, he was there. He had a kindly 
approach and an ability to make one feel that he 
agreed with one, although in fact he was violently 
opposed, which was a valuable attribute of any 
Chairman who wished to create a democratic 
atmosphere. The President knew that he expressed 
the feeling of every member of the Institution in 
thanking Mr. Pryor for his excellent service and for 
the charming way in which he had given it. 


Another man to whom the Institution was most 
grateful, who had been Vice-Chairman of Council 
and was now Chairman, was Mr. H. G. Gregory, 
who had the ability to create a free and democratic 
atmosphere in which to discuss any problems which 
arose. If there were not differences of opinion in 
the Council, its members might as well do what was 
done in some other Councils, and vote by proxy ; 
but in fact there was full freedom of speech, thanks 
to the wonderful pattern set by Mr. Pryor and Mr. 
Gregory. 


The President also paid tribute to the permanent 
officers of the Institution, and particularly to the 
Secretary, Mr. Woodford, and the Deputy Secretary, 


Mr. Caselton. He would like to name all the members 
of the staff, but he knew that they would excuse him 
if he did not go through the list. It was difficult 
to satisfy production engineers, but they were all very 
pleased with the way in which Mr. Woodford got 
to the point and satisfied the majority, and with the 
way in which he ran the organisation at headquarters. 


Mr. E. N. Farrar, who seconded, reinforced what 
the President had said about Mr. Pryor’s helpful 
assistance to the ordinary members of the Council, 
and also what he had said about the permanent staff. 


The vote of thanks was carried by acclamation. 


Mr. F. Woodifield proposed a vote of thanks to the 
President for his conduct of the meeting, and also 
for all the work which he had done for the last six 
months as President, and over the very many years 
during which he had worked for the Institution. 


The vote of thanks was carried by acclamation. 


The President, responding, thanked Mr. Woodi- 
field for his kind words, and the meeting for the 
reception given to them. Although it was not on 
the agenda, he felt that they should place on record 
the gratitude which they all felt for the wonderful 
work which was being done by the Chairmen, 
Secretaries and Committees of all the Sections and 
Regions. In going about the country in the last few 
months, nothing had heartened him more, or given 
him a greater feeling of security, than to see this good 
work which was being done and to talk to these 
men, who were doing a splendid job of work during 
the day and giving their spare time to help the 
Institution. 


He also thanked very sincerely the Chairmen, 
Secretaries and members of the Standing Committees, 
who were laying a foundation which was going to 
give the Institution absolute security. 


The meeting then terminated. 





ELECTIONS AND TRANSFERS 


31st January, 1957. 

































ADELAIDE SECTION 
Transfer 
From Graduate to Associate Member 
M. Williams. 
New Affiliated Firms 
G.P.O., 
Lightburn & Co. Ltd. 


BIRMINGHAM SECTION 
As Member 
I. H. Macqueen. 
As Associate Member 
. Watts. 
As Graduates 


M. B. Blunn; S. A. Hobbs; D. H. Butler; 
M. Roberts; 


J. I. Goddard-Watts; H. 
D. Dawson; A. S. Robinson. 


Postmaster Generals Department ; 


As Students 


R. O. Parry; D. A. Taylor; C. R. Mortimore. 


Transfers 
From Graduates to Associate Members 


R. E. Sawyer; J. A. Helps; C. A. Rawes; 
J. E. Richards; J. E. Bill; P. G. Collishaw. 


From Students to Graduates 
G. B. Lee: M. Smith. 





BOMBAY SECTION W. O. Vivian. 
As Graduate 
D. M. Bhat. COVENTRY SECTION 
As Student As Associate Member 
R. A. Katiyar. ilt. 
Transfer As Graduates 
From Associate Member to Memb R. F. Howes; P. A. Mason; G. Horton; 
L. Mac. P. Brookes. D. R. J. Price 


CALCUTTA SECTION 


As Student 
¥ 


N. Rao. 


CORNWALL 


New Affiliated Firm 
J. & F. Poole Ltd. 


Transfer 


From Graduate to Associate Member 


SECTION 
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As Students 
B. T. Walker; E. Mawdsley; C. H. Garner; 
J. H. Salt. 

Transfers 

From Graduates to Associate Members 
J. D. Haigh; J. S. Sanders; C. J. Emery; 
a; &. ee 

From Stud. ¢ eS. a t 
J. M. Nunn; R C. Simmonds. 





DERBY SECTION 
Transfers 
From Graduates to Associate Members 
Ww. mirage “4 N. Johnson. 
From Student 
K. Janes; J. Ss Spee nig 





DUNDEE SECTION 
As Associate Member 
A. McKay. 
As Graduate 
B. A. Farquharson. 
ae, Student 
P. Singh. 
Transfer 
From Student to Graduate 
D. C. Paterson. 


EDINBURGH SECTION 
As Graduates 
A. J. C. Johnston; W. S. Dobson. 
Transfer 
From Student to Graduat 
D. A. Bowman. 





GLASGOW SECTION 
me Assoc'ate Members 
W.J. Chisholm; G. Barr; M. C. Rodger. 

Ae i aed 

G. A. Leeper; W. Ferguson. 
Transfers 
From ig ae ate to Associate Member 

a Dunthcrne. 
From ‘anaee to Associate Members 

L. R. Richardson; M. Coll; J. A. E. 

Shand. 


LEICESTER _SECTION 


E. H. Hanley; T. N. Bennett. 
Transfers 
From Graduates to Associate Members 
. Maden; E. D. Lodge; S. J. Cook. 
From Student to Graduate 
J. Cooper. 


LINCOLN SECTION 
As Student 
P. L. Primrose. 
Transfers 
From Graduate to Associate Member 
J. K. Willcock. 
From Student to Graduate 
B. O. Hinitt. 


LIVERPOOL SECTION 
Transfer 
From Graduate to Associate Member 
D. Whitehead. 


LONDON SECTION 

As Members 
J. Harrison; E. J. Peplow; W. L. Biscoe: 
A. P. Fowler. 

As Associate Members 
W. H. Howes: D. C. Gohm:; A. J. Jones: 
I. S. Morton; G. W. Thornley; L. A. 
Prescod; D. C. Pollard; G. E. Evans; 
A. Brodie; R. G. Roden. 

As Graduates 
D. L. Goring; F. R. Williams: C. H. T. 
Wang; J. G. Payton: T. R. Machin 
C. G. Irving; K. J. Buckton; T. R. H. 
Tilley; P. Dyce; D. W. Orchard; J. Murdoch; 
W. Longthorne; S. F. Cogger; D. R. Heath; 
S. R_ Foulser; M. Thornton; B. J. Pepper. 

As Students 
R.C. Scott; C. W. Barfoot; D. D. De-Vote: 
P. J. Solly: B. J. Starck; P. R. B. Charles: 
S. F. M. Samy: B. C. Collins; P. G. Jupp. 

Transfers 

From Graduates to Associate Members 

Hawkins; K. E. Johnson; J. J. Peck: 


G. H. Briscoe: C. B. Hubbard; S. S. Barton; 
H. G._ Shakeshaft; A. E. Clauson; 


J. Brooksbank; D. A. L. West: A. D. 


McLean Hill; S. Jovanovitch; G. A. Felton; 
D. L. Morgan; D. A. Craven; A. C. Jordan; 


H. A. eorvgeg Ww. D. Wilson. 


From ‘o Gr 
J. K. Benmer: t H. Banks; A. R. 





Stevens: E. H. Dennis; L. T. D. Taylor: 


D. H. Pattenden. 
New Affiliated Firm 
The British Tabulating Machine Co. Ltd. 
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LUTON SECTION 

As Graduates 

J. D. Bryant; D. R. Sherwood. 
— Students 

Reynolds. 
oui 
From Graduates to Associate Members 
F. Turgoose; R. Gunnell; J. L. Caine. 

From Student to Graduate 

D Mack. 


MANCHESTER SECTION 

As Associate Member 

A. R. Rothwell. 
As Graduates 

H. Scott; H. Moran. 
As Student 

G. A. Mills. 
Transfers 
From Graduates to Associate ee ene 


D. Pennington; G . Stewart: 


A. J. Lamb. 
From Studext to Graduate 
A. A. Davenport. 


MELBOURNE SECTION 
As Assoc'ate Member 
R. A. Young. 
As Student 
A. K. Kenworthy. 
New Affil-ated Firm 
Postmaster Generals Department. 


NEW ZEALAND SECTION 
Transfer 
From Graduates to Associate Members 
L. L. Chadderton; E. Sullivan. 


NORTH EASTERN SECTION 
As Graduates 
T. Miller; W. M. Thompson. 
As Student 
G. Reynolds. 
Transfers 
From Associate Member to Member 
C. E. Darlington. 
From Graduate to Associate Member 
F. Hancock. 


NORTHERN IRELAND SECTION 
As Associate Member 
H. Magowan. 
As Students 
J. C. McCrone; J. D. Magill. 


NOTTINGHAM SECTION 
As Graduate 
J. R. Kelly. 


OXFORD SECTION 
As Graduates 
R. F. Ferguson; R. F. Langston. 


PETERBOROUGH SECTION 
As Member 
M. I. Prichard. 
As Graduate 
P. J. Habershon. 
Transfer 
From Associate Member to Member 
W. Peck. 


PRESTON SECTION 
As Associate Member 
J. Harrison. 
As Students 


E. Wearden; R. Higginbottom; J. K. Sager. 


Transfers 
From Graduates to Associate Members 
T. Woodall; J. E. Horncastle. 


READING SECTION 
Transfer 
From Graduate to Associate Member 
R. H. Poole 


ROCHESTER SECTION 
As Students 
D. B. Hurst; G. B. Simmons. 


SHEFFIELD SECTION 

As Member 

J. D. Joy. 
As Associate Member 

C. Sargent. 
As Graduate 

N. Vollans. 
As Student 

M. C. Hewitt. 
Transfers 
From Graduate to Associate Member 


From St a t to G ine 
R. Horsley. 











SHREWSBURY SECTION 
As Associate Member 
G. A. Crook. 
As Student 
K. H. Trumper. 
Transfers 
From Graduate to Associate Member 
F. R. Collinson. 
From Student to Graduate 
A. Brice. 


SOUTH AFRICA SECTION 
As Member 
T. F. B. de Villiers. 
sar" ew 
J. Parker. 
mS 
From Graduate to Associate Member 
G. McGlynn. 


SOUTHERN SECTION 
As Graduate 
C. Waite. 
As Students 
D. Cookson; S. D. Allanson. 


¢ SOUTH ESSEX SECTION 
As Graduates 
J. K. Yates; S. B. Hancock. 
Transfers 
From Graduate to Associate Member 
ee Mi ccmenge 
From Stud Graduat 
G. J. Richards. 





STOKE-ON-TRENT SECTION 
Transfers 
From Graduates to Associate Members 
R. M. Hunt; E. A. Triggs. 


SYDNEY SECTION 

As Graduates 

J. A. Ackerman; R. A. Young. 
As Students 

J. D. Glover; I. A. Hamilton. 
Transfer 
From Graduate to Associate Member 

J. R. C. Leach. 


TEES-SIDE SECTION 
As Graduate 
F. Bond. 
Transfer 
From Graduate to Associate Member 
K. MacDonald. 


WESTERN SECTION 
As Associate Members 
D. Liptrot; R. W. Grow. 
As Students 


R. A. Pitman; M. C. Staley; G. D. Slegg. 


Transfer 
From Stud Graduat 
M. R. ena, 





WOLVERHAMPTON SECTION 

As Graduate 

A. B. Caine. 
As Students 

F. A. Lowe: G. Smith. 
Transfers 
From Associate Members to Memb 

C. A. Stevens; M. J. Cowell. 
From Graduates to Associate Members 





E. Springthorpe; D. H. Thorpe; 
J. H. Bailey; E. J. ’ Bradley; G. Lee; 
J. &, bid con 

From Stud ‘o Gr t 





tT. &. rte z J. Ghoshal. 


WORCESTER SECTION 
Transfer 
From Graduate to Associate Member 
K. J. Orton. 


YORKSHIRE SECTION 
As Graduate 
W. Beveridge. 
Transfers 
From Stud to Graduat 
P. Stewart; M. H. Parkinson. 





NO SECTION 
As Associate Member 
. H. J. Edwards. 

As Graduate 

S. S. Sodhi. 
Transfers 
From Graduate to Associate Member 

J. Spiegel. 
From Student to Graduate 

B. J. Braganza. 
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EASTERN REGION 

Regional Report 

The first Regional meeting of this session was held at 
Ipswich in November, when Sir Walter Puckey gave an 
address on “ Automation — Does It Concern You ?”’. The 
excellent arrangements were carried out by the Eastern 
Counties Section, under the Chairmanship of Mr. F. 
Dyer. About 200 members and visitors attended, including 
a party of senior students from Ipswich School. 

Sir Walter’s inspiring address was well received and in a 
lively discussion many aspects of automation were considered. 

In proposing the vote of thanks, the Regional Chairman, 
Mr. E. N. Farrar, referred to Sir Walter’s many services 
to national and Institution activities. 


Eastern Counties 

During October a joint meeting with the Colchester 
Engineering Society was held in Colchester, when Mr. A 
Talbot, M.I.B.F., gave a Paper on “ Jobbing Foundry Work 
Today’. This meeting was well attended and the Paper 
was illustrated by films and slides. 

In December, a Paper on “ The Use of Punched Card 
Methods for Production Control” was given by Mr. J. C. 
Davies, A.C.I.S., A.A.C.C.A. This was a well attended and 
very informative lecture followed by an _ interesting 
discussion. 

A very interesting highlight of this quarter was the 
Committee meeting held in Ipswich during October when 
Mr. W. F. S. Woodford was present, thus enabling many 
points to be discussed with a Head Office representative in 
attendance. 

The Section Committee are making great efforts to 
strengthen the representation on the Committee, and the 
Chairman recently welcomed Mr. H. Hudston who has 
willingly offered his services. 

Other routine matters discussed at the monthly Committee 
meetings have included membership applications, and the 
possibility of holding Section visits again next summer, 
together with a possible Social Function. 


EAST & WEST RIDINGS REGION 
Halifax 

At a recent meeting of the Halifax Senior Section 
Commiitee, the Chairman reported that the Halifax 
Technical College had enlarged its syllabus to enable 
students who were qualifying for the Higher National 
Certificate in Mechanical Engineering, to qualify also for 
membership of the Institution. 

The Chairman felt that this step forward was due, to a 
great extent, to the work that had been done by the Section 
Committee in pressing for this facility at the local technical 
colleges. 

A well attended lecture, given by Mr. W. A. Hannaby, 
Chairman of the Halifax Section, was held at The White 
Swan Hotel, Halifax, in December. Mr. Hannaby chose 
the subject ‘‘ The Application of Drilling Machines ” 

Discussion after the lecture was stimulated by the 
excellence with which the subject matter was delivered. 


Sheffield 

Following a discussion between a Committee Member and 
a college official, the Department of Commerce and Manage- 
ment has arranged to present two series of courses on 
Electrical Digital Computers, to begin early in 1957. The 
first series of three lectures is designed for those wishing 
to assess the potential value and application of the technique, 
and the second series of six lectures will be primarily con- 
cerned with detailed applications and potentialities. 


Yorkshire 
The 1956/57 Session is now in full swing and one 
Revrional and two Section meetings have already been held. 
With reference to the Chairman of Council’s letter 
regarding Papers for publication, the Committee discussed 
this matter and are doing everything possible in this respect. 


EXTRACTS FROM 
REGION AND SECTION 


QUARTERLY REPORTS 


MIDLANDS REGION 
Birmingham 

In October, the lecture on ‘Safety as Seen by the 
Production Engineer”, by Mr. J. Silver, M.I.Prod.E., was 
read in the author’s absence by Mr. J. Sutton. This was 
followed by “Safety as Seen by the Factory Inspector” by 
Mr. A. Hillier. The meeting was well attended and pro- 
moted a lively discussion. 

The November meeting, when a lecture on “ The Use of 
Isotopes in Industry ” was given by Dr. H. Seligman, Ph.D., 
was one of the finest lectures ever given to this Section and 
it was illustrated by a film showing some of the work done 
at the Atomic Energy Establishment, Harwell. Dr. Seligman 
also gave demonstrations concerning radio-activity. 

The Section has formed an ad hoc Committee to review 
publicity, public relations and Section policy. Their report 
will be issued early in the New Year. 

In December, the President of the Institution, Mr. E. W. 
Hancock, M.B.E., Hon.M.I.Prod.E., gave a Paper on 
“People in Industry : The Changing Pattern of Industrial 
Society ” 

The Section held a very successful Buffet Dance on 
December 8th, when over 250 members and their friends 
attended a most enjoyable function. 

The Chairman announced the plans for the One-Day 
Conference “ Tooling Tomorrow’s Production”, and con- 
firmed that several eminent speakers had accepted the 
invitation to address the Conference. The date and pro- 
gramme will be announced shortly. 


Coventry 

Attendances at lectures this Session have been most 
gratifying and so far well above average for 1955/56. 
Approximately 170 members and visitors attended the lecture 
in November on the subject ‘‘ Modern Contour Turning ” 
which was illustrated by colour films produced by the 
G. F. Fisher Company, of Switzerland. A most interesting 
discussion followed and many questions were admirably 
and capably dealt with by a member of G. F. Fisher 
Company’s staff. 

The Annual Dinner-Dance held in October was once 
again a most successful and enjoyable event ; among the 
guests were the Mayor of Coventry, the President of the 
Institution, Mr. E. W. Hancock, M.B.E., and a number of 
local industrialists. 

The Committee accepted with regret the resignation of 
Mr. W. T. H. Golding, a Rugby member who has moved 
to Northern Ireland. In his place, Mr. Cribb was 
unanimously co-opted to the Committee. 


Wolverhampton 

The October lecture, ‘“ Electronic Control in Industry 
by Mr. E. Heys, A.M.I.E.E., was well attended. The 
practical applications were well chosen and served admirably 
to substantiate the foregoing explanation of the theory 
involved. 

Following the customary practice of holding one meeting 
eech Session in Stafford, a lecture on “ Management and 
Organisation” was given by Mr. E. L. G. Robins, B.Sc.(Eng.), 
at the County Technical College. 

The Regional Meeting has been the outstanding event 
in Wolverhampton, when the President of the Institution, 
Mr. E. W. Hancock, M.B.E., gave the Midland Regional 
address. Due to the difficulties of transport arising out of 
the petrol situation, the attendance was below normal, but 
the 120 people attending were enthusiastic in their apprecia- 
tion of the President’s first-rate Paper entitled “ People in 
Industry The Changing Pattern of Industrial Society ”’ 


” 





Welverhampton Graduate 

Tn October, a very interesting Paper was given by M 
F. Heys, A.M.I.E.E., on “ Electronic Control in Industry ” 
which proved to be a most interesting subject and aroused 
a lively discussion. It was agreed to have a continuation of 
this Paper early in the next Session. Also, in October, a 
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visit was made to the Works of Messrs. Deritend Stamping 
Co. Ltd., Birmingham. The party was conducted round the 
general and technical offices where various forgings were 
seen in the planning stage on drawing boards, etc. The 
machine shops, tool rooms, die shops and stamp shops were 
also visited. 

In November, a lecture was given by Mr. G. S. Rowland 
on ‘Designing for Production”. It was an interesting 
Paper which led to a good discussion on many design 
problems. Also, in November, a visit was made to the 
Company of Messrs. Webley-Scott Ltd., Birmingham. 

In December, a visit was made to the rolling mills of 
Ductle Steels Ltd., Willenhall. The Midlands Region held 
a Regional Meeting in December, when the address was 
given by the Institution’s President, Mr. E. W. Hancock, 
M.B.E., on “ People in Industry —- The Changing Pattern 
of Industrial Society”. Also, in December, the Wolver- 
hampton Section held their Annual Dinner-Dance which 
proved to be a great success. 

The Graduate Committee continue to hold monthly 
mec‘ings and attendances are good. A number of younger 
men have been co-opied to the Committee and they should 
prove to be an asset in the future. 

The members of the Wolverhampton Graduate Section 
take a keen interest in their Section Programme and 
attendances and quality of lectures have been much higher 
than in previous years. Visits form a valuable part of the 
Graduates continued study. 


NORTHERN REGION 
North Eastern 

At the October meeting, a Paper was presented by Mr. 
A. Harvey, the subject being “ Materials Handling for 
Batch Production”. The Paper had been prepared by 
Mr. Rattlidge, who is a member of the Materials Handling 
Sub-Committee, and was read by Mr. Harvey. 

During November, Mr. C. Cashmore, A.I.M., assisted by 
Mr. D. Edwards, presented a very interesting Paper under 
the title ““The Manufacture and Some Applications of 
Seamless Metallic Tubes”. Some very interesting products, 
illustrating the application of the various tubes were 
exhibited. 

The December meeting was in the form of a film evening 
and the members’ ladies were invited. At the opening of the 
meeting, Mr. C. Noble, who was Chairman of the Section 
during the years 1944/46, presented the Section with a 
Chairman’s Jewel of Office. The presentation was made to 
the Chairman, Mr. H. B. Topham, who thanked Mr. Noble 
for his kindness and expressed appreciation of Mr. Noble’s 
continued service to the North Eastern Section. 


Tees-Side 

The lecture meeting programme for the 1956/57 Session 
is now well under way. Rearrangements of lectures and dates 
at short notice for the first two meetings adversely affected 
attendance. : 

A most successful meeting was held at Darlington in 
November when Mr. Henderson, of Messrs. C. A. Parsons, 
gave his talk on “The Selection of Machine Tools for 
Heavy Engineering Production”. This lecture attracted 
visitors from almost every heavy engineering company in 
the area. 

Members and vistors attending the meetings usually have 
to travel some distance. With the advent of petrol rationing 
it is felt that it may have an adverse affect on attendance. 


NORTHERN IRELAND REGION 
Northern Ireland 

During the period under review, three successful lecture 
meetings have been held. The first, held in October, was 
entitled “ Production Control — ‘ Hollerith’ Punched Card 
Applications” and given by Mr. J. McBurnie, Northern 
Ireland Sales Manager, The British Tabulating Machine 
Co. The lecture proved to be of great interest and was 
illustrated by a film. 

The November lecture was given by Mr. G. W. 
Williamson, O.B.E., M.C., a well-known figure in local 
engineering circles. His subiect was “ Incentive Schemes 
for Maintenance”, and some lively discussion was generated 
by the interesting material presented. 
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Mr. O. 5S. Puckle, M.B.E., M.I.E.E., from E.M.L, 
gave a lecture on “‘the Electronic Control of Machine 
Tools’? in December, the subject being directly related to 
the more comprehensive term “ Automation”’, and with the 
excellent manner of presentation, considerable interest and 
discussion was evoked. 


NORTH MIDLANDS REGION 
Leicester 

The lecture on “The Education of the Production 
Engineer in Industrial Engineering” by Mr. J. France, 
M.1.Prod.E., provoked lively and interesting discussion. 

The Section Annual Dinner was held in November when 
the chief guests were Mr. E. W. Hancock, M.B.E., President 
of the Institution ; Mr. C. N. Wilson, Principal of University 
College, Leicester ; and Alderman A. Halkyard, C.B., M.C., 
T.D., D.L., LL.B., Lord Mayor of Leicester. Other guests 
included many prominent local company executives, and the 
Section were particularly pleased that Dr. Haslegrave, 
Principal of Loughborough College of Technology, was 
present. The attendance at the Dinner was an all-time 
record, which indicates that the Annual Dinner is fast 
becoming a local event of some importance. 

The Peterborough Section was represented by Mr. W. E. 
Peck and Mr. Harris. The Leicester Section feel that 
more contact between local Sections would enhance and 
strengthen the status of the Institution as a whole. 

At the November Committee meeting, the inauguration 
of a Leicester Committee Prize, to the value of £5 for a 
best Paper on any “ Production Engineering” subject, was 
announced. Authorship is limited to students and graduates 
of the Section, and the closing date for receipt of entries is 
31st March each year. 


Lincoln 

Since the last quarterly report three lecture meetings have 
been held. In September, Mr. Webber, of I.C.I. Ltd., read 
a Paper on “Work Study as Applied to Engineering 
Operations” at Scunthorpe. The attendance at this meeting 
was very good. 

A meeting was held in Grantham in October when Mr. 
P. Spear, B.Eng., Grad.I.Prod.E., read a Paper on 
“Industrial Research”. This was a joint meeting with 
Grantham Enginering Society. 

The third meeting was held in Lincoln in December when 
Mr. Cowlishaw read a Paper on “ Automation ”’. 

The Lincoln Section are very grateful for the support 
and help received from Head Office towards the success of 
the Fourth Annual Dinner-Dance. 


Nottingham 

The first half of the winter Session is now over and three 
successful lecture meetings have been held, the subjects 
being “The Ings of Industry”; “The Design and 
Manufacture of Springs” ; and “The Fundamentals of 
Progressive Tooling ”’. 

This Session, an innovation has been tried out whereby 
the formal invitation ticket for lecture meetings has been 
replaced by a circular letter from the Section Honorary 
Secretary. It is evident that this more personal approach 
has resulted in an increased attendance at meetings. 

A further effort to increase membership will be made 
early in January, when engineering apprentices from local 
industry will be invited to attend a specially arranged 
meeting to discuss, informally, several aspects of production 
engineering, which wind up the aims of the Institution. 
A panel of prominent members from the Nottingham Section 
will introduce the various subjects for discussion. 


Peterborough 

During the past quarter three lectures have been given of 
widely differing aspects with good attendance. 

The first, held in October, was by Mr. F. E. Butcher, who 
lectured on “ Design for Production ”’. 

In November, a joint meeting with the Peterborouch 
Section of the Incorporated Plant Engineers was held. The 
speaker was Mr. A. Rivers-Fletcher, who gave a running 
commentary on a series of films under the title ‘ The 
Development of the B.R.M. Racing Car”. 

“Nuclear Power and its Fffect on the Production 
Engineer ” was the title of a lecture given in December by 
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Mr. 1. Munro, B.Sc. Mr. Munro traced the history and 
development of nuclear power and spoke of the need for an 
alternative source of power other than coal and oil. He 
went on to give statistics concerning the efticiency of Calder 
Hall Power Station. 


NORTH WESTERN REGION 
Regional Report 

The lecture programmes within the Region are now under 
way, and most Sections have had two meetings. 

Arrangements are now complete for the Third North 
Wes.ern Regional Dinner which takes place at the Midland 
Hotel, Manchester, on Friday, 8th February, 1957, and the 
following have accepted invitations to attend: the Lord 
Mayor of Manchester ; Mr. H. G. Gregory, Chairman of 
Council; Mr. F. J. Erroll, Member of Parliament ; Dr. 
B. V. Bowden, Principal, Manchester College of Science 
and Technology ; and Mr. W. F. S. Woodford, Secretary 
of the Institution. 

Cfficers of the North Western Regional Sections were 
invited to attend the reception at the Midland Hotel, 
Manchester, prior to the very successful ‘“ 1956 Sir Alfred 
Herbert Paper ’’, which was held at the Manchester College 
of Science and Technology. 


Manchester 

The October lecture, entitled “Computer Controlled 
Machine Tools”, was given by Mr. D. T. N. Williamson, 
of Ferranti Ltd. Attendance was good and the discussion 
was of a high standard. 

The November lecture was given by Mr. H. Hayes and 
was entitled “ Modern Forging Practice” 

The Manchester Section Committee are pleased to 
announce that Mr. H. Spencer-Smith, M.I.Prod.E., has 
been co-opted to the Membership Committee. 

The Section Chairman, Mr. T. A. Stoddart, attended the 
Centenary Celebrations of the Manchester Association of 
Engineers. 

The Committee members and their wives held their 
Second Annual Social Evening at the Chelford in October, 
which proved to be highly successful. 

The 1956 Sir Alfred Herbert Paper was held this year 
in Manchester, and Dr. B. V. Bowden, M.A., M.I.E.F., the 
Principal of Manchester College of Science and Technology, 
gave an excellent Paper which stimulated a most interesting 
discussion 
Manchester Graduate 

Two lecture meetings and two works visits have been 
held so far this Session and both lectures had about the 
average attend>nce of 30. A proporticn of 10 members to 
20 visitors is the usual attendance. On the works visits the 
attendance was 20 in each case, the majority being members. 


Preston 

The first of the winter lectures, held in conjunction with 
the Preston Productivity Committee, was given by Mr. F. G. 
Woollard, M.B.E., Hon.A.C.T.(Birm.), M.I.Mech.E., 
M.I.Prod.E., M.I.I.A., M.S.A.F., at Preston. The meeting 
was attended by 80 people and Mr. Woollard spoke on the 
various aspects of “What Automation Means”’, the lecture 
being well illustrated by slides. The subsequent discussion 
was capably dealt with by the lecturer to the benefit of all 
concerned. 

The second lecture, also held at Preston, in November, 
was given by Mr. T. W. Elkington, M.I.Prod.E., on “ Special 
Purpose Unit Head Machines”. Those attending were 
amply rewarded, especially by the lecturer’s capable handling 
of the discussion whiich centred around the practical 
problems associated with the topic under review. 

The Chairman of the Section, Mr. F. Grimshaw, O.B.E., 
M.I.Prod.E., has now returned from his visit to India, and 
thanks are due to Mr. W. L. Jones, M.I.Prod.E., Vice- 
Chairman, who has dealt with Section affairs during Mr. 
Grimshaw’s absence. 


Stoke-on-Trent 

In July last, Mr. H. A. Armstrong succeeded Mr. H. 
Porter as Chairman of the Section. Mr. Porter was 
Chairman of the original Sub-Section and first Chairman 
when the Sub-Section was raised to Section status. The 
Committee passed a warm vote of thanks to Mr. Porter on 
relinquishing office. 


During the absence of Mr. W. R. Bailey, who is attending 
a PERA course for his firm, Mr. A. Macdonald, the Section 
Vice-Chairman, has been Acting Honorary Secretary. 

In October, Group Captain F. C. V. Laws, C.B., C.B.E., 
gave a most interesting lecture on “ Aerial Photography in 
Peace and War” and drew a record attendance of 85. 
Many were from local photographic societies. 

In November, Mr. M. O. Short, of Metropolitan-Vickers, 
gave a lecture on ‘Cutting Tools — Application and 
Research ” This was a most interesting and enjoyable 
evening and Mr. Short’s address brought forth a lively 
discussion. 

This Session the venue of the Section meetings has been 
changed in order to provide better amenities for members. 
The Committee hope that by their decision the members 
will have more incentive to attend the lecture meetings. 


SOUTHERN REGION 
Oxford 

The first lecture meeting of the 1956/57 Session was held 
in September in Oxford Town Hall. Over 159 people were 
present to hear Messrs. J. J. Stordy and W. G. J. Appleton 
lecture on “ Industrial Finishing Technique and Practice ” 

The Session’s second lecture was in the north of the 
Section’s area at Banbury. Mr. J. A. Ambler, a development 
metallurgist of the Northern Aluminium Company, gave a 
most interesting lecture on the subject “ Aluminium as a 
Packaging Material ” 

The November lecture was held in Aylesbury, the first 
time the Section has visited this town. There was a most 
gratifying response to Mr. P. G. Pentz’s lecture ‘“ Making 
Jigs, Tools and Gauges in Epoxide Plastics” and it is 
intended to hold further lectures in this area. 


Reading 

The Reading Section will be holding their Annual Dinner 
on the Ist March, 1957. The Section has been honoured 
by the President, Mr. E. W. Hancock, M.B.E., who agreed 
to attend as Guest of Honour. The Dinner will be held 
at the Mill House Country Club, and musical entertainment 
will be arranged. 


Southern 

This winter, lectures have been held at Weymouth and 
Christchurch and, without comment on text or speakers, 
there was a considerable audience in both instances, with 
the help of local industry and the Royal Aeronautical 
Society. 


SCOTTISH REGION 
Dundee 

Three very interesting and instructive lecture meetings 
have been held during this quarter. 

The October lecture on “ Machine Tools from Wilkinson 
to Automation ’”’ was given by Mr. R. Gabriel, who dealt 
briefly with the highlights‘ of machine tool history up to 
the present day. 

The November lecture was the case history of the first 
Voith Schneider propellers to be made in this country, and 
was given by Mr. A. Betts Brown, of Edinburgh. This is the 
type of propeller that is used by the local Tay Ferries. Mr. 
Brown first dealt with the fundamental principles behind the 
design of this mechanism and then with the difficulties of 
casting, fabrication and adjustment. A film illustrating 
this propeller’s unique manoeuvring characteristics was also 
shown. 

In the December lecture by Mr. D. Irvine, of Dundee, 
some aspects of motion study for light industry were 
illustrated by diagrams and films. Some of the lecturer’s 
illustrations showed production increased up to 600% and 
weight handled reduced from eight tons per day down to 
a few pounds. 

The Committee are extremely grateful to the lecturers 
for the effort in preparing their Papers, and also for their 
expert answers to the many questions put to them at 
discussion time. 


SOUTH EASTERN REGION 

Regional Report 
On 4th December. 1956, the Annual Dinner-Dance of 
the Region, held at the Savoy Hotel, London, was a most 
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successful function, at which the Region had the pleasure 
of welcoming as the chief guests, the President of the 
Institution, Mr. E. W. Hancock, M.B.E., and Mrs. Hancock. 

It has been decided that an award should be instituted to 
promote the interest of the Region graduate members in 
the preparation of Papers. A draft of the rules controlling 
the award has been considered by the Regional Committee 
and is to be studied by the Section Committees. As soon 
as the details of the scheme have been finalised, they will 
be presented to the members of the Region. 

For some six years past, the London Section has held 
lecture meetings in Brighton in view of the industrial 
development going on around the town in an area that 
includes places like Crawley. Further, the increase in the 
status of the Brighton Technical College will give more 
importance to the area from the point of view of the 
Institution. It has been decided to increase the facilities for 
holding meetings in the Brighton and Crawley districts and 
with this in view a local committee is being set up to 
organise meetings in the area, instead of the whole of the 
work being done by the main London Section Committee, 
as in the past. 

The Regional Committee have made a recommendation 
that for the 1957/58 Session the various Sections in the 
Region should endeavour to plan their lecture programme 
with the common theme “ The Speed of Technical Advance 
in Great Britain” and that the Regional meeting in April, 
1958, should be based on the same theme. 

The South Eastern Regional Committee have for some 
time been considering ways by which the Regional scheme 
could be operated to the benefit of the members of the 
Institution. It is felt that the Regional organisation can so 
easily develop into a superfluous layer between the Sections 
and Council, unless Regional Committees are very alive in 
promoting activities and doing useful work that cannot 
be done so well at Section level. 


London 
July/September, 1956 

A full lecture programme covering a wide variety of topics 
has been prepared for the coming Session and work has been 
started on the preparation of the programme for the 
1957/58 Session. 

The Brighton Sub-Committee arranged a most interesting 
and enjoyable visit for members and their friends residing 
in the Sussex area, to the Ocean Terminal Building at 
Southampton Docks in July. 

The usual social events have been arranged ; the Regional 
Dinner and Dance on the 4th December and the Section 
Annual Stag Dinner on the 13th February. 


September/October, 1956 

Successful and well attended lecture meetings have been 
held on “ The Impact of the Production Engineer on the 
Work and Payment Structure of Industry” by Dr. Elliott 
Jacques, an eminent sociologist ;| and “ Automation of Batch 
Production, the Role of Work Study” by Mr. Ian Nickols, 
Managing Director of Oxted Mills Ltd. 

A meeting was held at Brighton on “ Materials 
Utilisation” by Mr. H. L. Madeley. The lecture was 
followed by a general meeting to discuss the future progress 
of the Brighton Group ; a further lecture meeting was held 
at Croydon on the subject of “ Electronics as an Aid to 
Production — with Special Reference to the Aircraft 
Industry’. This lecture was given by Mr. T. A. Waite, 
and was most interesting. 


London Graduate 

The London Graduate Section would like to open this 
report for the January Council meeting by placing on record 
their sincere thanks and deep appreciation of the services of 
two Committee members who have recently retired, namely, 
Mr. W. M. Bull, Committee member from 1954 - 1956 - 
and Mr. F. H. Johns, Committee member 1951 - 1956 and 
Section Chairman 1954 - 1956. 

The London Graduate Section has two Committee 
members at present serving on the H.M. Library Book 
Selection Sub-Committee, namely, Messrs. J. D. Parson and 
R. J. Temple, and three further members of the London 
Graduate Section are to be co-opted to the Sub-Committee 
to bring it nearer to its optimum strength. They are 
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Messrs. W. E. Bland ; 
Speakman. 

During the period under review, the Seventh Weekend 
School has been held at the Beatrice Webb House, near 
Dorking. It was attended by 27 non-Corporate members and 
visitors. The School commenced with a lecture entitled 
““ Management and its Application to Maintenance” given 
by Mr. R. W. Maling, who illustrated the reasons for 
maintenance in order to obtain efficient output and reduce 
time wastage, continuing with the method employed by 
I.C.I. to ensure this efficiency. 

Session II consisted of a joint lecture entitled “Comparisons 
of Hydraulics and Pneumatics in Industrial Applications ” by 
Mr. L. A. Darby and Mr. B. B. Bowles. 

The lecture in Session III was given by Mr. C. E. G, 
Bailey, on “Computers in Industry ” 

The fourth and final Session was devoted to a lecture 
entitled ‘“ Packaging — The Final Stage of Production” 
prepared by Mr. A. A. Howgrave, O.B.E., and read by Mr. 
W. Sivier in his absence. 

The London Gradyate Section Committee would like to 
express their thanks to Mr. G. R. Blakely, who was Chair- 
man for the Weekend School, and to Mr. R. E. Leakey and 
Mr. W. F. S. Woodford for their support during the week- 
end. All those present at the School enjoyed a thoroughly 
profitable and sociable weekend including the Saturday 
evening in the local, which has now become a _ regular 
feature of the Schools. 


D. RR. Lawson; and W. E. G 


South Essex 

The winter programme commenced with the meeting at 
Chelmsford, in October, when Mr. R. Harle, Secretary of 
the Production Department of the T.U.C., gave a very 
provocative talk on the “Trade Unions and Industrial 
Development ”’. 

At Ilford, in November, Dr. Farthing gave his Paper 
“New Metals” to a good audience, but the December 
meeting was disappointing in that very few members were 
able to attend because of petrol restrictions. This was 
doubly regrettable as Mr. Bray, of B.A.C.I.E., speaking on 
“Future Trends in Technical Education”, gave what many 
consider to be one of the best talks ever given at Chelmsford. 

The President, Mr. E. W. Hancock, M.B.E., kindly 
accepted the Section’s invitation to take the Chair at the 
January meeting, when there will be a lecture on “Electronic 
Computers” by Mr. D. T. N. Williamson, of Ferranti Ltd. 

At the last Committee meeting three additional members 
were co-opted to the Committee in order to strengthen it 
and broaden its representation. Two Regional matters were 
discussed, the Section Committee supported the South 
Eastern Region’s three-point proposal on Papers from 
Graduates, but rejected for the time being the suggestion 
that the Section should be renamed the Chelmsford Section. 


SOUTH WESTERN REGION 
Western 

The Western Section were honoured to be selected as the 
venue for the 1956 Viscount Nuffield Paper. Dr. Grey 
Walter gave a very stimulating Paper to a large and 
representative audience. 

The Annual Dinner and Dance unfortunately clashed with 
one or two national functions and, consequently, numbers 
were much _ reduced. However, what was lacking in 
quantity was made up for in quality, and the Section was 
extremely pleased that the President and his wife were 
able to be present, together with Mr. and Mrs. Woodford. 
It can be said that an enjoyable time was had by all. 

The lectures so far have been most interesting and 
instructive ; the Nuffield Paper has already been mentioned: 
the lecture on “ The Building of the Dido Atomic Reactor” 
was most ably given by Mr. W. F. Wood. The December 
lecture was a joint one with the local branch of the Royal 
Aeronautical Society and was given by Mr. P. G. Masefield. 
The meeting was a great success and it is hoped to hold 
joint meetings of this nature in the future. 


WELSH REGION 
Resional Report 
The Chairman, Mr. W. H. Bowman, and the Regional 
Committee recently paid tribute to the excellent work the 





past Chairman, Mr. W. Abraham, did during his term of 
office. 

A very informative lecture on ‘“ Higher Technological 
Education’ and how it might be achieved, was given by 
Dr. Richmond, at Cardiff, and proved highly successful. 
As a result it was felt that the Institution of Production 
Engineers’ efforts to promote the training of technical 
officers in South Wales had been considerably enhanced. 

In addition, under the new constitution of the Cardiff 
College, the Institution would, without doubt, be represented 
on the Advisory Committee and it is hoped at a later date 
to have representation on the Board of Governors. 

The Committee are now actively engaged in investigating 
the possibilities of holding a One-Day Convention in the 
near future, which would be of interest to the rather wide 
field covered by local industry. 

The publication of a combined Calendar of Engineering 
and Allied Professional Institutions in South Wales provides 
in one document a programme of the meetings of all 
participating professional bodies. In view of the wide area 
covered by the Region, it is considered that this Institution’s 
programme should also in the future be incorporated. 


South Wales and Monmouthshire 

During the past quarter the lecture programmes have been 
very well attended and have promoted considerable interest 
and discussion. One lecture on “ Training of the Production 
Engineer” given by Dr. W. A. J. Chapman, was of particular 
interest to the Section in view of the Committee’s efforts 
in obtaining improved educational facilities for the produc- 
tion engineer in South Wales. 

Dr. Chapman stressed the necessity for students to obtain 
training in administration and central government in 
addition to that of production engineering. This broader 
conception of training of production engineers would un- 
doubtedly give much higher status to the production 
engineer. 

In addition, representation has been requested for a 
member of the Institution on the Governing Board of the 
Cardiff College of Technology and also the Advisory 
Committee for Engineering and this is being given considera- 
tion by the Director of Education, Cardiff. 

The Committee are most anxious to do all in their power 
to ensure that a comprehensive training is available in 
production engineering and it is hoped that steps already 
taken will do much to eliminate the dire shortage of 
production engineers in the area. 


SECTIONS OUTSIDE THE UNITED KINGDOM 


Calcutta 

An interesting lecture was held in December when Mr. 
Abraham Leonard Raich, M.Sc.(Wash.), Statistical Quality 
Control Expert, spoke on “ How a Statistician Looks at 
Engineering Problems ” 

Three Section Committee meetings were held during the 
quarter under review. 


Melbourne 

In keeping with the Institution’s policy of “ Broadening 
the Base”, the Melbourne Section meeting in September 
had a Paper on a subject outside the engineering field, 
namely, “ Production Methods in Boot and Shoe Manu- 
facture’ presented by Mr. F. Finkler, a Director of British 
United Shoe Machinery Company, of Australia. However, 
it would appear that, generally speaking, members are not 
interested in subjects outside the engineering field. 

Following this meeting, a works visit was held to the 
Julius Marlow shoe factory. Twentv members attended 
and were shown the processes involved in shoe manufacture 

The Annual Meeting was held in October and Mr. I. 
Steer, M.1.Prod.F., was elected Chairman for the year 1957. 
Mr. E. J. Herbert was re-elected Vice-Chairman. 

After the meeting a Paper entitled “ Overseas Machine 
Tools Shows” was presented by Mr. J. Steer. Eighty- ~six 
members were in attendance and were very interested in 
this Paper, which covered the 1955 Chicago Machine Tool 
Show, the 1956 London Olympic Show and the 1956 Milan 
Fair. 

The Section’s Annual Dinner was held in November at 
the University of Melbourne, when the guest speaker was 


the Honourable J. S. Bloomfield, M.L.A., Minister for 
Education, who spoke on “Technical Education in Victoria’’. 
The Dinner was most successful, with an attendance of 130 
members and friends. 


Melbourne Graduate 
Works Visit to Radio Corporation Ltd. 

In September, the Section visited Radio Corporation Ltd., 
South Melbourne, who are one of Australia’s largest manu- 
facturers of television equipment. ‘ihe manufacture of 
television units in complete detail were shown, with particular 
emphasis on the application of time standards in production. 
This visit was particularly interesting and was attended by 
23 members. 

Annual Meeting 

The Section Annual Meeting was held in October at the 
Royal Melbourne Technical College, and the following 
officers were elected for 1957: Chairman, Mr. P. J. W. 
Cottrell ; Secretary, Mr. F. A. Roberts ; Publicity Officer, 
Mr. K. Stevenson ; Visits Secretary, Mr. B. Davies ; and 
Film Secretary and Registrar, Mr. D. McKelvie. 
Programme for 1957 

The programme for 1957 was confirmed by the new 
Committee early in December, 1956. 


New Zealand 

During this quarter two visits to production plants in the 
Auckland district were arranged for members and _ their 
friends. At the first of these plants, New Zealand Forest 
Products Ltd., the processing of pinewood chips into Pinex 
Board and Hardboard was witnessed. 

At the second plant, Reid New Zealand Rubber Mills 
Ltd., the processing of raw rubber is carried out to the final 
production of tubeless tyres, etc. Both of these visits were 
well patronised and appreciated by the members and the 
earnest co-operation of executives of the firms approached 
in organising these visits so efficiently and smoothly is also 
appreciated by the Section and deserves commendation. 

Three Committee meetings have been held and following 
one of these a Film Evening for members and friends to 
witness a screening of films dealing with the application and 
uses of Stellite kindly loaned by the local distributor of 
that product. 


South Africa 

In September, the first meeting of the new Session took 
the form of a discussion evening with members of the 
Johannesburg Branch of the Institute of Cost and Works 
Accountants. Many points of mutual interest were raised, 
and it was unanimously agreed that both associations could 
benefit from greater co-operation and a closer understanding 
of each other’s aims and problems. 

The opportunity was taken in October to invite members, 
their wives and friends to a social evening, during which 
Mr. H. G. Goyns, the Immediate Past President, gave a 
most interesting talk — illustrated with colour films and 
slides — on his recent safari to the Kilimanjaro area. 
This proved an exceptionally popular evening, attended bh” 
well over 100 members and friends and everyone eagerly 
awaits a similar production from Mr. Goyn’s next trip. 

Early in November, members visited the workshops of the 
new Jan Smuts International Airport, to hear a lecture bv 
Mr. Trevor Philips on “ Inspection Methods”. This was 
followed by a comprehensive tour of all workshop depart- 
ments and an inspection of the newest South African 
Airways plane, the Douglas DC-7-B. In conclusion, members 
were entertained to tea by Col. Louw, the General Manager 
of South African Airways. 

For the December meeting, a joint visit to the new 
factory of Messrs. Norton Abrasives was arranged with the 
Institute of British Foundrymen. Over 100 members 
attended what was subsequently voted a most interesting 
instructive and enjoyable evening. All departments of the 
works were visited and members were impressed not only 
with the processes and methods employed, but also with the 
efficiency and obvious enthusiasm with which the visit was 
organised and controlled by the Norton staff. 

As is usual in South Africa, no meetings are scheduled 
for Tanuary, but the Council and the Papers Committee 
has a very full and varied programme planned for 1957. 
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The Late Tom Fraser, C.B.E.— An Appreciation 


In the passing of Tom Fraser the Institution has lost one of its best friends. All who had the 
good fortune to know him will remember him as a gentle and kindly man who was ever ready to 
give of his vast experience. He was already well established in his professional life when he joined 
the Institution in 1931. His service to the Institution began in the first day of his membership, 
when he joined the Committee of the Manchester Section. He was Section President from 1932 to 
1945 and he continued to serve the Manchester Section until his retirerhent to Conway in 1947, 
but even after his retirement he maintained an active interest in the Section activities. He was 
affectionately regarded as the “ Father ” of the Manchester Section and it is in Manchester that his 
loss will be most keenly felt. 





He was elected to the Council of the Institution in 1932 and was Chairman of Council from 
1934 to 1936. Apart from a brief interlude, he remained a member of Council until his death. 
He was elected a Trustee of the Institution in 1945. 

He was an engineer of considerable distinction and for the greater part of his life he was in 
the service of Metropolitan-Vickers. He was 44 years with this great Company and in 1944 he | 
was made a Director. He was one of the group of British engineers who were sent to Russia | 
to give technical assistance to the U.S.S.R., and he remained in that country for more than a year. 
During the Second World War he was in charge of the Metropolitan-Vickers aircraft works at 
Trafford Park, for which work he was awarded the C.B.E. | 

Few members have done as much for the Institution as Tom Fraser. He had a clear vision of 
the future of production engineering and of the part which the Institution should play in the | 
industrial life of the country. He played a prominent part in shaping the policy which has | 
brought the Institution to its present level of activity. | 


In 1947 he was made an Honorary Member, which is the highest honour the Institution can 
confer. 
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Goyns 
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Above : 


left are the President of the South African Council, Mr. 


a principal guest, Mr. Charles Bedaux, Managing Director, 
International 


SOCIAL FUNCTIONS 


Below : The Annual Dinner of the Wolverhampton Section, 
held on 18th January last, was obviously another enjoyable 
occasion. In the photograph are (from left) Mr. Leslie 
Farrer, Wolverhampton Section Committee ; Mr. G. A. 
Firkins, Chairman of the Wolverhampton Section; Mr. 
Harold Burke, Past Chairman of Council; Mr. E. W. 
Hancock, M.B.E., President of the Institution, and 
Guest of Honour; Mr. F. C. White, Member ; and 
Mr. W. V. Hedgson, Member. 












This happy group were photographed at the 
Annual Dinner of the South African branch. From 


Clare ; the immediate Past President, Mr. H. J. G. 
; Mr. D. Lion-Cachet, also a Past President ; and 
(Pty.) Ltd. 


Management Consultants 
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Mr. J. D. Pearson, Member, is now a Deputy 
Chairman of Rolls-Royce Limited and is responsible 
for the Company’s activities, in addition to continuing 
as Managing Director of the Aero-Engine Division at 
Derby. Mr. Pearson is a B.Sc.(Eng.) and a Senior 
Whitworth Scholar, a Member of the Institution of 
Mechanical Engineers, and an Associate Fellow of 
the Royal Aeronautical Society. He joined the 
Company 24 years ago, working first on aero-engines 
design and then in the experimental department 
and as materials engineer. When the Second World 
War broke out, Mr. Pearson became Chief Technical 
Production Engineer at Glasgow. After the War he 
established the Rolls-Royce Technical Office in 
Montreal, which has now become a_ subsidiary 
Company. Rolls-Royce of Canada. He then worked 
as Chief Service and Quality Engineer in Britain 
until he became General Sales and Service Manager 
of the Aero-Engine Division. He became Deputy 
General Manager of the Aero-Engine Division and 
joined the Board in 1929. Since then he has been 
successively General Manager and Managing 
Director of the Aero-Engine Division. 


Mr. H. P. Bhadury, Associate Member, has recently 
taken up an appointment as Principal of the Central 
Training Institute of the Associated Cement 
Companies Limited, Kymore (M.P.), India. 


Mr. D. V. Borgaonkar, Associate Member, Deputy 
Superintendent in the Central Workshops at Poona 
of the Bombay State Road Transport Corporation, 
has been training in Britain under a United Nations 
Scheme. making a special study of diesel engines. 


Mr. L. J. Daughtrey, Associate Member, has taken 
up a position with the Atomic Weapons Research 
Establishment, Aldermaston. 


Mr. F. A. Eastwood, Associate Member, has taken 
up an appointment at Hackney Technical College as 
Responsible lecturer in Mechanical Engineering and 
has consequently relinquished his position at the 
South-East London Technical College. 


Mr. J. Ekins, Associate Member, in his capacity 
as Supervisor of Management Studies at Sheffield 
College of Commerce and Technology, has now 
been re-graded from Lecturer to Senior Lecturer. 


Mr. T. H. Fraser, Associate Member, has now 
joined Messrs. Scottish Precision Castings J.imited, as 
Production Manager. 


Mr. R. Gore, Associate Member, has relinquished 
his position as General Manager of Sheepbridge 
Equipment Limited, Chesterfield. and has taken up a 


news of members 


position as Works Director with Messrs. Acrow 
(Engineers) Limited, at Saffron Walden, Essex. 


Mr. W. A. Maw, Associate Member, has recently 
been appointed to the position of Superintendent of 
Technical and Industrial Departments with H. C. 
Sleigh Limited, Melbourne, Australia. 


Mr. L. E. Overton, Associate Member, has now 
taken up the appointment of Production Engineer 
with Northern Electric Co. Limited, Montreal, 
Canada. 


Mr. K. D. Park, Associate Member, has 
relinquished his position as Development Engineer 
with Exactor Limited, and has now taken up a 
sunilar appointment with Dowty Hydraulics Limited. 


Mr. G. M. Ranson, Associate Member, is 
relinquishing his position as Chief Engineer with 
John Wright and Co. Ltd., Birmingham, to take up 
a new appointment as Personal Assistant to the Works 
Director, Audley Engineering Co. Ltd., Shropshire. 
Mr. Ranson serves on the Materials Handling Sub- 
Committee of the Institution’s Research Committee. 


Mr. H. J. Richards, Associate Member, has been 
appointed Production Manager of Flexibox Limited, 
Trafford Park, Manchester. He is responsible for 
production at Trafford Park and Ballymena Works, 
Northern Ireland. 


Mr. S. J. Sterrett, Associate Member, has recently 
relinquished his position with Elliott Brothers 
(London) Limited, and has taken up an appointment 
as a Mechanical Development Engineer on the 
Scientific Staff of the National Institute for Medical 
Research. 


Mr. H. G. Thomas, Associate Member, Resident 
Engineer, Davy-United Limited, Sheffield, following 
the completion of the Norsk Jeruverk plant in Norway, 
is now commencing the erection of similar rolling 
mills in Avilés, Spain. 


Mr. P. O. Fabiyi, Associate. has recently been 
promoted to the position of Industrial Officer 
(Design), in the Western Regional Government of 
Nigeria. 


Mr. A. L. Cole, Graduate, is now a Design 
Engineer with the Boeing Airplane Company. Seattle, 
Washington, U.S.A. 


Mr. J. D. Collins, Graduate, has now left the 
de Havilland I'ngine Company and has taken up a 
position with the Bristol Aero-Engine Company in 
their Licence Office. 
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Mr. R. Holyoake, Graduate, who was Senior 
Draughtsman at British Celanese Limited, has now 
been appointed Assistant Instrument Engineer. 


Mr. E. L Martin, Graduate, has now been 
appointed Factory Quality Controller at the Merton 
branch of the Metal Box Company. 


Mr. W. G. Peters, Graduate, has recently taken 
up an appointment as Project Engineer with the 
Metal Box Company Limited, Technical Engineering 
Division, Willesden. 


Mr. G. Yates, Graduate, has taken up a new 
appointment as Assistant Grade “B”’, responsible for 
the engineering workshops at the Walker Technical 
College, Oakengates, Shropshire. 


CORRECTION 


In the February issue, a reference to Mr. J. G. 
Crofts was, unfortunately, confused with a reference 
to Mr. D. M. Sen. The announcements should have 
read as follows :- 


Mr. D. M. Sen, Member, who was Works 
Manager of Messrs. Burn & Co. Limited, Howrah. 
Calcutta, has been appointed Deputy General 
Manager. 


Mr. J. G. Crofts, Graduate, is now Service 
Manager at Triplejay Equipment (Rhod.) (Pvt.) 
Limited, Salisbury, Southern Rhodesia. 





Obituary 


The Institution records with deep regret the 
death, on 12th November last, of Mr. H. J. Bavington, 
Member, of Rotax Ltd., Willesden. 


Mr. Bavington was a founder member of the 
Institution and at all times loyally supported its aims 
and activities. His profound knowledge of production 
engineering, and his achievements during 41 years 
with Rotax Ltd., are well-known to his many 
business friends. ‘ 


Apart from the respect which his ability created, 
his kind and generous nature, combined with a 
never-failing sense of humour, endeared him to 
everybody who came into contact with him. 


It is good to be able to record that in spite of 
the many periods of intense suffering’ occasioned 
by his illness, these outstanding qualities remained 
with him to the end. B.W.M.W. 











RESEARCH PUBLICATIONS 


A number of copies of the following Research 
publications are still available to members, at the 
prices stated : 


Machine Tool Research and Management 10/6 
Report on Surface Finish, by Dr. G. Schlesinger 15/6 
Practical Drilling Tests 21/- 


These publications may be obtained from the 
Production Engineering Research Association, 


“Staveley Lodge”, Melton Mowbray, Leics. 





JOURNAL BINDERS 


Strongly-made binders for the Institution Journal, 
each holding 12 issues, may be obtained from Head 
Office, 10 Chesterfield Street, London, W.1, price 
10/6 each, including postage. 
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‘ILOCUT 


CUTTING OILS 


and the ROLLS-ROYCE Dart 510 


Orcutt H.K.N. External Helical Gear Grinding 
: « hine inding low-speed teeth of Dart 510 
“Tlocut” is Wakefield-Dick’s best known ne nee Sens eR we 5 


propeller turbine layshaft at Derby with “TIlocut” 
range of neat cutting oils. Its high quality 
never varies— and it is specified by a number 
of this country’s leading production en- 
gineers. Rolls-Royce Ltd. use “TIlocut” and 
many other of our production oils in 


their Aero Engine Division at Derby in 


addition to their Crewe, Barnoldswick 


and Glasgow works. ot, 


xxx» 


WAKEFIELD-DICK INDUSTRIAL OILS LTD., 67 GROSVENOR STREET, LONDON, W.1 
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3 MODELS GIVING 
precision flatness, 
finish & parallelism 
at high production 


rates 


FULL DETAILS ON REQUEST TO:— 


NEWALL GROUP SALES LTD 
PETERBOROUGH ENGLAND 


Uy 


Our lapping division will be pleased to advise 


you on production problems and will design 


workholders to suit your components. 


When replying to advertisements please mention the Journal 
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HORIZONTAL BORING MACHINES 
meet the milling, drilling, and boring needs of 
the modern heavy machine shop. 

The range includes machines from 2 in. spindle 
up to 10 in. spindle. The HRG type illustrated 
has a 4 in. spindle and is an extremely popular 
and versatile machine for medium capacity work. 
Write for details of Asquith Horizontal Borers, 
mentioning the work capacity which interests you. 


WILLIAM ASQUITH LTD. 


HALIFAX +: ENGLAND 

















DRUMMOND-ASQUITH ..« the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
Also at LONDON : Phone : Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone: Central 341! 
A193 


Scles & Service for... 


Phone : Midland 343! (7 lines) “Grams : Maxishape, B'ham 
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to 10 to 300 FP: an 


Sales & Service for... 











> Midland 3431 (7 lines) 


HEAVY DUTY, AUTOMATIC MULTI-TOOL LATHE 


> 


The “ Maximajor” meets the need for heavy 
automatic multi-tool turning of components 
beyond the capacity of the highly successful 


* Maximatic ” Lathe. 


It operates on a fully automatic cycle under the 
control of a single lever; front and rear slides 
are independently controlled and setting is easily 
and quickly accomplished. Every feature of 
design is calculated to provide a_ continuous 


high performance under really heavy cutting. 































DRUMMOND BROS. LTD. 


GUILDFORD : ENGLAND 


DRUMMOND-ASQUITH ... the British Isles 













DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
Also at LONDON : Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 34/1 
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HYDRAULIC DRAW BENDING MACHINES 












Staffa No.6 Hydraulic Draw 
Bending Machine for tube 
up to 6” nominal bore. 


A series of Hydraulic Draw Benders is available and comprises seven sizes of machine 
suitable for bending steam pipe and other tubes or rolled and extruded sections from 
1” up to 12” bore. 

An indicator is provided which allows the angle of bend to be pre-determined by 
setting a pointer against a dial, and the arrangement of the mandrel and booster 
rams is concentric with the mandrel rod. The booster, available as an extra, pushes 
the end of the tube to assist in bending to close radii with minimum thinning of 
the wall on the outside of the bend. 


Write for details and mention the sizes of tube or section which interest you. 


Sales & Service for... DR i tee hm D-ASOU ITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
‘Phone : Midland 3431 (7 lines) ‘Grams : Maxishape, B'ham Also at LONDON : Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 
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HERBERT 


High-Speed 


CAPSTAN LATHES 


For rapid production of small components 


N 0. O For bar work up to y diameter. Electro- pneumatic 

for continuous high-speed operation without 
removing the hands from the capstan slide and cut-off rest 
levers. Foot-operated dead-length bar chuck. Twelve speeds, 
140 - 6,000 r.p.m. 





No 2D For bar work up to 13" and chuck work up 

cian ae to 9" swing. Ideal for work involving frequent 
changes of set-up. Sixteen speeds, 50 - 2.550 r.p.m.  4-speed 
motor, 3/3/3/24 h.p. Three rates of automatic feed for capstan 


slide. 
Working stroke of capstan : ; : 6” or 9" 
Spindle flange to capstan, max. ; ; 183” or 263” 


No. 2 Flashcap For high production of non- 


ferrous threaded parts requiring 
frequent spindle reversals. 6" air-operated chuck. 
Twelve speeds, 158 - 2,660 r.p.m. 


No 2 For bar work up to 134" and chuck work up to 

P 9” swing. Twelve speeds, 49-2,000  r.p.m. 
2-speed motor, 6/3 h.p. Six rates of automatic feed to saddle 
and capstan slide. 





Early Delivery 






No, 2 FLASHCAP 


On receipt of drawings or sample components we will 
give estimates of production and quote for suitable 
equipment. 





AD245 


ALFRED HERBERT LTD » COVENTRY * ENGLAND 


lihen replying to advertisements please mention the Journal 








2NU UNIVERSAL MILLER 


Table Movements © 
28 in. x lO in. x 18 in. 
Separate Motors, 


5 h.p. and 14 h.p. for 
Spindle and Feed Drives. 


Suds Pump 


electrically driven. 





PARKSON 














J. PARIRINSOMN Ge SOIN (SHIPLEY) LIPID, ,SHPLEY, TELEPHONE 


P371-18 
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3 dia. Free Cutting Mild Steel, En.1. 
Tungsten Carbide and H.S, Steel Cutting Tools. 


Floor-to-Floor 
Time: 
50 Seconds each. 

















No. 2C CAPSTAN LATHE 


Fitted with 13nAir Auto. Bar 
Chuck and Air Bar Feed 





DESCRIPTION OF OPERATION 





| 
|Hex. Turret Cross-slide 


Spindle 
Speed 
R.P.M. 


Surface | Feed 
Speed | Cuts 
| Ft. per Min.| perinch 





ews > 





Feed to Stop and Close Chuck 
Copy Turn (Special Turning Toolholder) 


Roller End - 
Screw 3” Whit. - 


Support and Radius Part Off 


2040 
2040 

320 
1360 


| 


332 | 214 
| 200 | Hand 
33 [16 TPL 
90 Hand 





When 


SELLY 0 
BIRMINGHAM 29 


TELEPHONE SELLY OAK //3/ 


& CO 
al 
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No difficulties about heat-treating on K.9 oil-hardening steel, 
simply because it iy hardened in oil. This means that the risk of 
contraction or expansion is minimized; not like a steel hardened 
in water, where variation may not even be constant. With K.9, 
when it is hardened at 760 -780°C., the contraction will be less 
than one thousandth in. per inch. Think what that means where 


















your circular cutters, gauges, press tools, master tools, etc., are 
concerned: that’s where you need highest accuracy, and a steel 
with minimum variation in size and shape is just what you want. 
Learn more about K.9 by writing for details. 


O1L-HARDENING 
DIE STEEL 













To Edgar Allen & Co. Ltd., Sheffield 9. 
Please post K.9 folder to 





EDGAR ALLEN & CO.LTD. 


IMPERIAL STEEL WORKS SHEFFIELD 9 











Telephone: Sheffield 41054 Telegrams: Allen Sheffield 9 
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Motors for corrosive 






or explosive atmospheres 



















—Class ‘LYC’ Chemical works motors 
to BS2083 up to 25 h.p. 
“ENGLISH ELECTRIC’ is the only 
Company making special chemical 
motors to this Standard. 


—Tens of thousands of British Standard 
motors in service 


—Available up to 50 h.p. in 
NEMA sizes. 


Ask for Publication DM /206 


—Class XLK Flameproof motors. 
—Squirrel-cage or slipring. 


—Totally-enclosed fan-cooled 
or Totally-enclosed. 


—Buxton certified. 


—TEFC and TE stee/ barre! flameproof 
motors are also available. 


Ask for Publication DM/154B 


ENGLISH ELECTRIC 


industrial motors 










THE ENGLISH ELECTRIC Company LIMITED, QuEENS HOUSE, KINGSWAY, LONDON, 
Industrial Motor Works, Bradford 


ar = * : STAFFORD = PRESTON * RUG 8 Y . PRADEFORD LIVERPOOL * ACCRINGTON 
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Wonder 
of Plastics 


The new 6-seater Vauxhall Velox Dormobile Estate 
Car is a conversion of the standard saloon body, 

by the addition of a polyester/glass fibre extension. 
Beetle polyester resin—a B.I.P. product —is used in 
moulding the light, strong extension and lift-up rear door. 


The Heron Direction Finder 
is used for position fixing for 
small craft. It incorporates 
parts moulded from Beetle 
—a B.1.P. product—and 
the coils are ‘potted’ 

in Beetle resins. 










The versatile Regna Cash 
Register is used in 
self-service stores, 
departmental stores and 
small shops throughout 
Europe. The attractive, 
strong housing is moulded 
product —by Norsk 


Teknisk Porselens 
A/S, Norway. 


In ships and shops, in cars and catering, plastics 
to-day play their part. Their role may be 
contributory, it may be fundamental, but the 
wonder of plastics is in their versatility, their 
infinite possibilities. Types and grades are innumerable, 


; each with its own properties —and limitations— 
B.I.P. SERVICES: Prop 

The full resources of the B.1.P. 
Research, Technical Development and 
Design services are at the disposal of 
manufacturers interested in_ the 


presenting a wide field of choice to the intending user. 


The leading plastics materials manufacturers maintain 


possibilities of plastics. Advice will extensive consultative and development services and none is 
gladly be given on any problem . , ; 
concerning _ plastics pl sco so better qualified to advise and assist than B.I.P. 


irrespective of the type of material 
involved. 


B.1.P. CHEMICALS LIMITED ws Oldbury . Birmingham Telephone: Broadwell 2061 42) 


LONDON OFFICE: I Argyll Street, W.1. Telephone: Gerrard 7971 
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workpiece dia. 
centre distance 


width 


. diametral pitch ... 


Sole Agents :—- 


Wa \C( eI a TSN 


ASSOCIATES LIMITED 


40 ins. 
2 ins. 


15 ins. 


Nr 
Ni- 


—— 


Recent 


FOR A4ACL-POWER-— PRECISION 


developments in 


give greater 


precision, reduced hobbing time, improved quality 


of the teeth and increased hob life. 


The larger 


machines in the range maintain the traditional 


Pfauter features of providing the power and 


rigidity for maximum output with multi-start hobs 


nett ctieses ™ 


on large gear diameters. 


3V 


. workpiece dia. 
. centre distance 
. width 


. diametral pitch ... 


72 ins. 
3 ins. 


22 ins. 


_ 
nIi— 





4 Queen Street, Curzon St., London, W.| 


Telephone: GROSVENOR 8362-5 


Midland Office and Demonstration Rcom: 


WILFORD CRES., NOTTINGHAM. 


Tel.: Nott. 88008 









































MAN POW ER CHART 











Do not disturb 


Can two hands do the work of four —- or six — or more? Does increased production 
necessarily require more man-power? 

Can life be made more attractive and easy for my present operators? 

These are questions often asked by harassed production executives in practically 
every industry, and the lucky ones find the answers they want in Enots several 
booklets explaining in fullest detail the advantages of controlled air power in the 
factory. 

Automate with Enots and British Bellows Pneumatic Equipment NOW! Our tech- 
nical representatives are ready to advise you on your particular problems — and 
without the slightest obligation of course. 


Two short films ‘Production Miracles’’ and ‘‘Operation Push Button’’ produced: by the 
Bellows Corporation of Akron, Ohio, U.S.A., and illustrating the application of pneumatic 
devices as aids to increased production and efficiency, are available for exhibition on 
application to Benton and Stone Limited. 





and QPEL EDM Ds DOLLS 


PNEUMATIC EQUIPMENT 


BENTON & STONE LTD., ASTON BROOK ST., BIRMINGHAM 6, ENGLAND 
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TY Steam Homo tempering 
) ont 


ae increases the life of tools, cams, 
& 


<= ee 


HIS is usually an underestimate, particularly with tools when cutting high-chrome 

or high-Carbon steel, when tool life is often doubled. Parts like cams, bearings or 
pistons wear in more sweetly and wear longer, and sintered parts are harder, with 
greater compressive strength. 
This perfectly functioning furnace, always under automatic temperature control, 
produces absolutely uniform parts, batch after batch. And the oxide film which is 
deposited not only gives this greatly increased wear, but gives you scale free finish, 
with both ferrous and non-ferrous parts eliminating after-cleaning operations. Allcard, 
Eastbrook-B.S.A.-Firth Brown-Lucas-Sheffield Twist Drill-Brooke Tool-Schrader etc. 
all use this method. 


Scale-free finish—_-More and better work— 
in less time—and at lower cost 
Send us some of your own samples for free treatment—and be convinced 


Cata'ogue TD.2/620(1) will give you full deta‘ls or a Technical Representative will wait upon you with fleasure 


Free Consultative Service 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street Birmingham [5 
"Phone: Midland 1453/4 Telegrams: Flometer Birmingham 


Works at Birmingham 
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The leading manufacturers 
of spark machining equipment 
now introduce their latest 






Mk III Model 


65 kW 





1 Harvester Tine forging die machined 
from the solid by Spark Machining in 
the hardened state 


2 Jet Compressor Blade Forging Die 
reconditioned by Spark Machining 


3  Layshaft Forging Die, preformed and 
finished by Spark Machining 


A battery of four Sparcatron heads operated from one main control 5 PA R C AT R ON 


unit in conjunction with three auxiliary control units. Manufactured by 
IMPREGNATED DIAMOND PRODUCTS 
LIMITED 
GLOUCESTER * ENGLAND 





Sole Agents for the United Kingd@om - BURTON, GRIFFITHS & CO. LTD « KITTS GREEN *: BIRMINGHAM 33 
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precision made throughout 





Hoover F.H.P. Motors have won universal recognition 
in industry for power, precision and performance. 
Built around one basic design, incorporating all the 
latest engineering developments, this compact Hoover 
‘fractional’ is quiet, free from vibration, and has 

an exceptionally effective cooling system. 

Competitive in price, all Hoover F.H.P. Motors 

are backed by the unique Hoover service plan. 


For full technical information please write to: 


HOOVER LIMITED 


Industrial Products Department - Cambuslang - Lanarkshire - Scotland 
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NOZZLES OUTLAST 
THEM ALL ? 





Because the Carbon Tetra Boride 
lining ts so far as we know 
the hardest man-made material 
commercially produced. 
Its resistance to abrasion, erosion and 


chemical action is greater than 


that of any other hard metal. 


lostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 





TUFFLEY CRESCENT - GLOUCESTER 
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ARKWELD AND TRIUMPHWELD 


s 
high speed steel 
butt—welded : 
When machining times and rising production 


tools costs are weighing heavily on a manager’s mind, 


it’s fairly certain that he has not standardised 

on Arkweld and Triumphweld Butt-Welded Tools. 
These high speed steel tools permit 

vastly increased cutting speeds and an extended 
period of service between re-grinds. 


For your own peace of mind ask for the Jessop- 


WM JESSOP & SONS LTD 
BRIGHTSIDE WORKS SHEFFIELD 


Saville man to call and see you. 
















uissoe SAVILLE 






J J SAVILLE & CO LTD 
TRIUMPH WORKS SHEFFIELD 


ALL ENQUIRIES TO: SMALL TOOL WORKS PORTLAND STREET, SHEFFIELD 6 TELEPHONE 20224 
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There's no escaping it- 
Wrought Iron is safer 


Ail threats to human safety are not as clearly evident as this one, 
Many daily dangers are unseen and unsuspected—such as 
the possibility of failure by couplings, cable chains and cage 
and lifting gear. Where equipment of this kind involves the 
lives of men and women, it is safer to specify Wrought Iron, 
Wrought Iron is very tough indeed. Its shock and strain 
resistance is outstanding. Its ability to withstand rust and 
corrosion is well known. And its inherent susceptibility to 
welding is intensified by slag inclusions. These qualities add 
up to an all-round, long-term superiority to mild steel for 
many purposes, in both safety and economy—especially 
where wet or outdoor conditions are concerned. At the 
Midland Iron Works we produce Wrought Iron in strips and 
bars, and in a variety of sections, for innumerable uses. We 
will gladly send you a free copy of our Section Book, and our 
technical representative is at your service for consultation on 


Wrought Iron application. 







At 


This nick-and-bend test piece clearly 
shows the fibrous structure of Wrought 
Iron, which gives it its high durability, 
shock-resistance and ability to absorb 
varying stresses and withstand severe 
vibrations. Wrought Iron is also 
distinguished by its ductility and 
exceptionally good machining 
properties. 


The Midland Iron Co. Ltd 


MIDLAND IRON WORKS + ROTHERHAM 
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At the heart of Automation will be— 


-HEENAN<DYNAMATIC 


Vinble speed 
COUPLINGS 


Innumerable examples, in the widest variety 
of applications, prove their versatility in 
solving almost any problem of controlled speeds, 


and response to almost any kind of signal. 


HEENAN & FROUDE ite oN 
WORCESTER - ENGLAND 
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THE STUD WELDING ORGANISATION 





== (rompton Parkinson 


1-3 BRIXTON ROAD, LONDON, S.W.9. Telephone: Reliance 7676 


STUD WELDING STEPS 
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Checking inflation 


Asmall boy’s appetite would seem to have little in 
common with Crompton Parkinson Stud Welding. 
But the connection between them is continuous. 
Keeping him fed makes work for us because in 
the construction of the whale factory ships, 
tankers, oil storage tanks and processing plant 
used in the production of the margarine for his 
bread and cakes, Crompton Parkinson Stud 
Welding plays an essential part. 

And that’s only one of the very many uses for 
stud welding. Others may be found in every 
branch of engineering and in almost every 
industry that uses metals. There you will find 
C.P. Stud Welding speeding production, helping 
to improve design and steadily getting on with 
the job of checking—and beating—inflation. 
Think about it and then have a word with us. We 
can arrange a demonstration for you 

almost any time and anywhere. 
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SOMETHING INTERESTINGLY MEW 


FROM THE HAHN & KOLB RANGE THE 


POLYGONAL SHAPE 
TURNING MACHINE 


ce : rv 
seconds 


“_“@@e@eeeeeeeee @®@¢ @ 


17 


seconds 


7} . 18 


seconds 


Pusu 45 


y seconds 
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The TORNOMAT is a new machine operating on a novel 
principle. Making full use of carbide tools, it turns external 
polygonal shapes—square, hexagon or two parallel faces— 
on an almost infinite variety of work pieces. Both output 
and quality of finish are far superior to anything hitherto 
achieved by other methods. Write at once for illustrated 
leaflet (TM/3) giving full details. 





Size of work, across flats io yy’ 13” 


Maximum turning length 2 














SOLE AGENTS SIDNEY JONES IN GREAT BRITAIN 


SIDNEY G. JONES LTD. 8 BALHAM HILL, LONDON, S.W.12. BATtersea 3246 Telex No. 872 


a 
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TODAY’S PROBLEMS IN INDUSTRY 


Cutting Assembly Costs 


One of industry’s big production costs is the assembly of component parts. It’s an important 
cost, expensive in time, in labour, and often in materials. In zinc die casting, however, an 
answer has been found that combines economy with quality production. Take the 
component part shown here, for example. It forms part of a cone winder used in cotton 
spinning and consists of six zinc die castings. So accurate were the die castings that no 
machining was needed, except for tapping holes used in bolting the parts together. That 
means a big saving in assembly time, in labour costs, in waste. However complicated the 
shape, zinc die castings have clean and accurate surfaces. Justifiably this process is claimed 
to be the shortest distance between raw material and finished product. 


Write for list of members and publications describing the properties and uses of die castings to 


[ZADBA 





y ZINC ALLOY DIE CASTERS ASSOCIATION 





J 34 Berkeley Square, London, W.|I. Telephone : GROsvenor 6636 





$$. 
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FIT BRITISH STANDARD DIMENSION MOTORS 
for Interchangeability 
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specify BTH for DEPENDABILITY 


The plant maintenance engineer is well 
aware of the advantages of interchange- 
ability which stem from BS 2083. 

BTH Motors were among the first British 
Standard Dimension machines produced and 
are unsurpassed for electrical performance 
and dependability. They are totally-enclosed, 
fan-cooled, squirrel-cage machines, manu- 
factured in 2 range up to 50 h.p. 





THE BRITISH THOMSON-HOUSTON COMPANY LIMITED + RUGBY - 





BTH Advisory Service for Industry 
BTH specialist enginecrs are at your service, ready to use 
their experience and knowledge to help you solve any 
problems on electrical equipment. Please make use of our 
Advisory Service freely at any time. 


BRITISH THOMSON-HOUSTON 


ENGLAND 


Member of the AE! group of companies 
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increased output 


shea eiage satin less time— less rejects 


operations are performed by 


Sentinel Unit Machines, pro- —a less space — less effort 


a improved quantity and . 

i . A wid 

‘sea’ aban ory ~=-« ANG ~OVerall economy with 
tables etc. is available, and 

the installation shown is 


arranged for milling, drilling 4 
and cleaning the threaded end + a | ie 
of a swivel axle for an auto- |e | 
motive product. 


unit machines 
incorporating the 
Renault-France 
system 

electro- 
mechanical 

head 





























Lg 
incl 
Se niine adaptability — versatility — flexibility 


The standard bases (with enclosed switchgear) and rotary tables are available with 


machined mating faces for assembly into any combination of units. 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone SHREWSBURY 2011 Telegrams “SENTNOLL SHREWSBURY London Office 60 BUCKINGHAM PALACE ROAD LONDON SWI Telephone: SLOANE 0098 
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BORER 




















On the Kearns Horizontal Tool 
Room Boring Machine the boring 
stay is equipped with the patented 
OPTIMETRIC system similar 
to the spindle slide unit to ensure 
accuracy in line boring 
operations. Rotation of the takle 
through 360° enables all the boring, 
milling, drilling and tapping 
operations to be performed at 
one setting of the casting. 
Descriptive catalogue TRB 3 


available on request. 


* 
OPTIMETRIC 


is the registered trade mark of 
Kearns system of optical measurement 
fitted as standard to all Kearns 
Horizontal Tool Room Boring 
Machines 


H. W. KEARNS & CO. LIMITED BROADHEATH near MANCHESTER 
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There are no better diamond tools than those manufactured 





by Impregnated Diamond Products Limited of Gloucester. 


(5 RN 
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Getting by 
The right “know-how” often pulls out 10 


per cent or more extra efficiency on oil- 
L FE S \ () , [ burning plant. Why not ask your fuel 
suppliers or,N.I.F.E.S to help you meet 


the fuel-oil cut? Remember too, that even 


“ly 


when oil-burning plant is at maximum efficiency 20 per cent or more fuel can often be saved by 


efficient process use and space heating arrangements. 


Issued by Nf ‘ I . HF ‘B >] National Industrial Fuel Efficiency Servic: 


Head Office: 71 Grosvenor Street London W1 Telephone: Hyde Park 9706 
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SUPER CENTRE 
A permanent Hardened and Ground Socket 


with RENEWABLE HIGH SPEED STEEL 

INSERT. Standard _ inter-changeable 

> inserts enable centre to be 
i, quickly replaced. 
. STANDARD SOLID CENTRES 
Precision ground to give 
perfect concentricity. Tapers to 
standard gauges. Made in High Grade 


CARBON ALLOY STEEL, or HIGH 
SPEED STEEL BUTT WELDED. 


ZALR G [nl 2 


BALL & ROLLER BEARING TYPES 


REVOLVING CENTRES 


All types of centres are made from the best grade 
steel, and are designed to give greater efficiency. 

si Take higher speeds, and remain true under the most 
/ REVOLVING CENTRES strenuous conditions of present day engineering. 


Revolve with the work te ASK FOR LISTS NOS. 50B and 85 
and can thus stand up to the 


sores iwes's FRANK GUYLEE & SON LTD 
work demanded by modern 


engineering practice. 





ARCHER TOOL WORKS - MILLHOUSES SHEFFIELD « $ 
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In search of 
LHE RIGHT SOLUTION 


OR the efficient cleaning and degreasing 
of every known metal and alloy there 1s 
1 


ne SAC, specific. For treatment in circum- 










stances complicated by unusual conditions—the 
answer can be found by the “S.A.C.” technicians. 
Consultation with “S.A.C.” is the shortest, most 
economical way of finding the right solution 
for your metal cleaning problems. We have 
the equipment of today —the experience of 


MANY years, 





SUNBEAM AN ‘a LTD. 


CENTRAL WORKS +» CENTRAL AVENUE + WEST MOLESEY + SURREY 


Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 
Manufacturers of ; : 
STRIPALENE * FERROCLENE *« ALOCLENE * FERROMEDE * BRAZOCLENE 
(Regd. Trade Marks) 


APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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Jigs & Fixtures 








UNIVERSAL 
TOOLS LTD 


TRAMWAY PATH, MITCHAM, SURREY 
Telephone: MiTcham 6111 


DIE-CASTING TOOLS 
PRESS TOOLS 
PLASTIC MOULDS 
SPECIAL TOOLS 

















The most practical plant 
for vicaniag METAL PARTS 





















A ‘Junior’ type machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE-GREASING 
AND CLEANING 
MACHINES 


A Rotary Drum machine for removing swarf and 
grease from small components. 

















— for the washing and drying of Tractor A model * A’ machine, washing parts of motor 
Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 
Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small * umber of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 


Sole Distributors 
DRUMMOND-ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Telephone—Midland 343! 


Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane, South Wood 
Tel.—Cleckheaton 1080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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CIRCULAR 
THREAD ROLLING DIES 


Manufactured from specially selected 
and heat treated high speed steel or 


carbon chrome steel. 


Precision ground threads and rigid 
inspection ensures accuracy of 


threaded components. 


Manufactured in all thread forms to 
suit most types of thread-rolling 
machines and attachments including: 
STEINLE 
PEE-WEE 
B.S.A. 
PITCHMASTER 


etc. 





Allenquiries for dies to suit these and 
other machines will receive prompt 


attention. 


Prices for rolls to all designs and dimensions gladly supplied on request. 


CUT YOUR TOOLING COSTS AND RELIEVE YOUR 
THREAD PRODUCTION PROBLEMS BY SPECIFYING 


CIRCULAR THREAD ROLLING DIES 
from 


Lo 
eu 








an 
~” | 


A.I.D. AND A.P.I, APPROVED ; 
SOUTHFIELDS ROAD, DUNSTABLE, SEGS. te oe DUNSTABLE 


422/3 
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A new HIGH SPEED 
milling technique for 


NON-FERRO 
METALS 


Po) Wadkin §=6Routers_ can 
reduce production times 
on Non-ferrous com- 











Photograph by courtesy of Freeman, 





REMOVED === zor «ss | ponents from hours to Ee ee ee 
oc, minutes. With spindle 
NECESSARY " rr speeds up to 18,000 r.p.m. the metal is cut at the highest possible surface speed, 
atl That’s why a metal removal rate of 20 cu.in./min. is easily accomplished. The 
az Articulated Arm Router is the latest development of the radial arm type. Full 
The high cutting speeds employed, details of this machine are given in Leaflet 831, available on request. 


namely 12,000 and 18,000 r.p.m. and 
the low tooth loading fof the cutter | 
makes routing particularly suitable 
for face milling components such Telephone: Leicester 67114 
as the machine guard shown above. 


Telephone: MA Yfair 7048-9 














Wadkin Ltd., Green Lane Works, Leicester. London Office : 62-64 Brook Street, W.| 


Srave 


HERE ARE THREE particular cleaning’ problems 
EXAMPLES 








INDUSTRIAL CLEANING MACHINES 


can be designed to meet your 








This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 


cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 








small parts in baskets. 





Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 


problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD - GORTON LANE - MANCHESTER 18 - Tel.: EAST 2435 
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HIGH TENSILE STEELS 


NBIUEVIPIT TEVELORWN 


ALLOY STEELMAKERS - FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 
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METAL 
PaUk y=) | SAWING 
MACHINES 
























The Russell Hydrofeed range 
includes : 

@ Straight and angular cutting 

models ¢ Automatics ¢ Verticals 

e Special Billet cutting models 
Patented Features : 

e Interlocking Vices — for easier 

setting @ Hydraulic Circuit — 
for efficient cutting 


MACHIN 
Capacity 
11” to 48” blades 


$. RUSSELL & SONS LIMITED s ina Ui ‘uYDROFEED 


LEICESTER, ENGLAND AS COLD SAWING 
ee MACHINE 


{utormatic 
bar feed 





Backed by over 40 years’ specialised experience 











GROUND 
THREAD 
TAPS 








GROUND FROM THE SOLID AFTER HARDENING “Galtona” Ground Thread Taps are supplied in all thread forms and in a wide variety of types 

RENOWNED FOR ACCURACY AND LONG LIFE to suit all requirements. " 
Only the finest modern heat treatment, manufacturing and inspection equipment is used in the 

POPULAR SIZES EX. STOCK production of these Taps ensuring long life, and a close degree of accuracy. 

SPECIALS TO ORDER IN ANY QUANTITY Large stocks are maintained of popular sizes ; we welcome enquiries for special and combination 
laps 


NORTHERN AREA OFFICE: 


Os) gp ( i Ss A. V. Green, Britannia House, Wellington Street, 
Futchard Loyd Limited == Leeds. Phone: Leeds 21212 

é LONDON AREA OFFICE: 
A. J. Percy, 240 Romford Road, Forest Gate, 


London, E.7, Phone: Maryland 2564 





STEELHOUSE WORKS : OLIVER STREET - BIRMINGHAM 7 


Yelephone Aston Crass 300i (12 ms) Delegrams Cogs Birmingham 








T/A 
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Dimensional Accuracy 


There are few restrictions upon the component-forms and arrangements 
of section that can be cast in steel. Thus, the steel casting process 
affords great scope to the Designer, and unrivalled production facilities 
to the Production Engineer. 

The extent to which a steel casting can be made closely to conform 
to the final dimensions and contours of the finished component, cuts 
machining time to a minimum, thereby reducing the cost of the 
finished part. 

A steel casting may be a massive cast-in-one-piece component (such 
as the casting illustrated above) or it may be a small part of a structure 
introduced to impart strength and rigidity at some vital point. 
Alternatively, a structure may be built up by assembling a number of 
steel castings conjoined by welding or bolting. 

The steel casting process offers unlimited possibilities in the field of 
design. Designers and Engineers are invited to write for the new BSFA 
publication entitled “‘Near Miracles can be Worked in Sand’’, which is 
shortly to be published. 


BRITISH STEEL FOUNDERS’ ASSOCIATION 
Broomgrove Lodge, 13 Broomgrove Road, Sheffield 10 
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‘ By 
| See Nea 


Whether your plant requires fabrications of simple or 
complicated manufacture we can be of service to you. 

Fabrications of bolted, welded or rivetted construction fr 
made to individual specifications in almost any thick- 
ness of mild steel plate. 


Typical run of ducting supplied 
to a large glass manufacturing 
concern. Ducting fabricated 
throughout from 4” mild steel 
plate, and ranging from 

4’-0” to 6’-0” diameter. 


sworn rtemtss = Markland Scowcroft 
have the answers! 


MARKLAND SCOWCROFT LIMITED Cox Green Works, Bromley Cross, Nr. Bolton Telephone EAGLEY 600 (5 lines) 















“Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more resistant 
to fatigue than bolts or studs 
made by the usual method. 
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Already, in almost every industry, 
PNEUTOMATION — Lang Pneumatic 

Control Gear — is greatly increasing productivity. 
A look into any factory reveals instances in 
which an automatic means of operation could 
reduce costs, boost output, increase accuracy 

and save human effort and time. 

Lang Pneumatic Control Gear provides 

materials movement between process points, 

and takes care of sequence operations on 

machine tools and process plant, eliminating errors, 
maintaining greater accuracy and effecting 
marked economies. 


MADE UNDER LANG PNEUMATIC CONTROL 


Jet engines - Turbo-prop Engines - Automobiles 
Milk - Money - Bicycles - Shoes - Boxes 

Motor Cycles - Canned Foods - Metals - Ra‘lway 
Wagons - Textile Components 

Fountain Pens - Soap - Bricks - Plastics 

Chemicals - Confectionery 


PNEUTOMATION 


Ragistered Trade Mark 


LANG PNEUMATIC CONTROL GEAR 


entirely non-corrodible 


\ Alan with, 
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VICTORY WORKS BIRMINGHAM 








to advertisements 





















— LANG PNEUMATIC LTD 


WOLVERHAMPTON Tel: 25221:2°3 
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Piogterd depend on... 


Greater productivity is only possible when the 





precision and accuracy of all jigs, fixtures 


and gauges are of the highest order. The modern 


i \" i | 


specially laid out shops of G,P.A. allied to the finest 





standards of workmanship constitute your 





guarantee. We welcome your enquiries. 


——___——) [GEN 


G.P.A. TOOLS & GAUGES LTD. 

Controlled by Salford Electrical Instruments, Ltd. A subsidiary of The General Electric Co., Ltd. 
Registered Office and Works ; 

Harper Road, Wythenshawe, Manchester. Tel: Wythenshawe 2215 (3 lines) 


Grams: Pneutool. Phone, Manchester 
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(CIM 
Cb oo fp Her 
Model A.I5L I 
<=. Gola ) with longitud- nsf 
( [bh inal turning at- con’ 
a ol tachment Scoy 
C}——> mz,—) At 
Model A25 with ESET | velo 
built-in p wney aD i the 
cutting attachment 
scre’ 
© Simple set up. The illustrations show a few examples of the wide 
e Economical on short and range of components which can be manufactured the 
long runs. on the TRAUB. scre' 
7 medinced floor space. Please ask for demonstration and quotation on UNE 
* Standard collets. these precision but low priced automatics. 
® Bed guides hardened and 
d. 
<sienene - EARLY DELIVERY 
® Accurate and rigid. 
EXCLUSIVE DISTRIBUTORS P=” Our showrooms are only a few minutes from L i 
IN THE UNITED KINGDOM fi fi eee a ta 
Nittirne Se Cimpany Linilel 
HAMPTON ROAD WEST- HANWORTH - FELTHAM - MIDDLESEX 
UNE 


Phone. FELTHAM 4266. Cables & Grams. SHIPMENTS, FELTHAM 
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INSPECTION ? 


YES, BUT 
QUALITY CANNOT 
BE INSPECTED 
INTO A SCREW 


Here we show you a very important part of our organisation. 
Inspection. The man at the top is calculating the carbon 
content of steel and on the right is a metallurgical micro- 
scope for examining material structure and grain flow. 
At Unbrako, quality control procedures are highly de- 
veloped, we build quality into the product by controlling 
the materials and methods of production. We inspect the 
screws, too, but we cannot make good screws by inspection. 
We must inspect, control, ceaselessly check the materials, 
the tools, the machinery, the men. If these are right, the 
screws will be right, too. 


UNBRAKO SCREWS COST LESS THAN TROUBLE 


BRA 


UNBRAKO SOCKET SCREW CO. 
When 





LTD. COVENTRY 
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Every Unbrako screw is made from steel produced to a 
specification to suit the particular job it has to do. 
It is heat-treated and subsequently stress-relieved to 
give extra strength in the planes and positions that are 
going to be under the greatest strain in each kind of job. 
At the trouble spots under the head and at the root 
radius of the threads Unbrako incorporate fatigue- 
resisting fillets to make a strong screw stronger. The 
result? With Unbrako you can use fewer screws and 
smaller screws to take the same strain, use them with 
absolute confidence, too, because nowhere in the 
world are better screws made. May we send you 
some more details? 


DATA CHART... In the drawing office, in the 
toolroom or on production — 
you'll save valuable time and 
avoid costly guess-work with 
this free data chart, it cuts out 
all physical measurements or 
calculation. 
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a 
HEIGHT GAUGE 





PRECISION HEIGHT 
MICROMETER 


@ A precise Height Gauge reading directly to 0.0001” 
The accuracy of spacing is plus or minus 0.00002" 
The gauging member is a steel cylinder having 
annular rings spaced |" apart, the micrometer 
head has |” movement reading in tenths. 


Hommel Height Gauge is supplied in two sizes: — 1-6” and 
1-12” and with riser blocks up to 48" 


As supplied to leading automobile and aircraft 
manufacturers. 


Our representative will gladly give a 
demenstration. Gauges sent on approval. 














Rainbow 


103 LANCASTER ROAD:-LADBROKE GROVE: LONDON: W°1I1E PHONE PARK 9451/2 








HEADS FOR HORIZONTAL AND 
VERTICAL GRINDING WITH THE 
BROCKHOUSE UNIT GRINDING 
HEAD AND TRUING DEVICE. 


* Easily adaptable on most standard machines. 
% Rapid and accurate. 
AUUHUUUHLUAUUHUUUNEOUUEEUOEEULEUUUEOUHOEUUALE * Slideway Grinding Enquiries invited. 
SPECIALISTS IN 
MACHINE TOOL 
REBUILDING 


SSVAVUUALOUOEOEUEUEUEUEUEUEUOUOEOEOEUEOEO OOOO EOONOLOTNE 


Write for descriptive folder to: 


J. BROCKHOUSE & CO. LIMITED 


Machine Tool Division 
ELMS WORKS : PENN ROAD : WOLVERHAMPTON 
Phone: Wolverhampton 23801 
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Just as we regret the decline of the horse in rural life, 
so we welcome the introduction of the “‘little horses” 

to industry. The contribution they are making 
to increased productivity needs no repetition here. 

As the demand for Desoutter tools increases 
so does the demand for our castings which are 

widely used in their design. But increased 

orders from existing customers — satisfying \ 
as they are to receive — have brought us \ 
new problems. As the demand for quality \ 
die castings has risen it has been a 
matter of regret that for some time we \ 
have been unable to accept orders \ 
from new customers. In order to meet \ 
these demands we have undertaken 

a major development programme. \ 
The installation of a consider- | 
able amount of plant is now \ 
| 
| 
| 





complete, enabling us once 
again to turn our attention to 
enquiries from new customers. 





AFFILIATED WITH 
PRECISION CASTINGS CO. INC. (U.S.A.) 





— ae aoe Oo 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS + WOLVERHAMPTON - TELEPHONE 23831/6 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 


Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 


Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 













A new small ‘all purpose’ magnetic valve 


from TEDDINGTON 


This new 3%” full bore servo-operated magnetic valve by 
Teddington is perfect for either industrial or domestic 
appliances where a combination of low price, small dimen- 
sions, ease of installation and little maintenance is required. 
Arranged to open when energised, the valve is fitted witha 
continuously-rated coil and is ruggedly constructed for long 
life operation under the toughest conditions. 





SMALL dimensions —LOW price 
— HIGH performance 


Robustly constructed for operation under the toughest conditions 
it features positive closing at any pressure from 10—150 p.s.i. for 
liquids and 250 p.s.i. for gases: yet it is light in weight, small in 
size—and low in price as a result of the Teddington forward look 
in tooling up extensively for large scale production. Investigate the 
possibilities of this versit:le and economical valve immediately—it 
can solve the problems of scores of flow control applications. 
Write for fully descriptive brochure T.1.E.IP541. 


Teddington ... your automatic choice 


7” TEDDINGTON INDUSTRIAL EQUIPMENT LIMITED - SUNBURY-ON-THAMES - MIDDLESEX 


Telephone: Sunbury-on-Thames 600. Telegrams and Cables: Teddequip, Sunbury-on-Thames, Telex. Telex: 2-2742 Teddcontsnbry. 


for domestic and 
small industrial appliances 





One of the ‘Teddington’ Group of Companies with manufacturing plants in Sunbury-on-Thames, South Wales, Norwich, Eastergate Paris and Nieuwkoop 
(Holland). Area offices in London, Birmingham, Manchester, Nottingham and Glasgow. Agents and representatives throughout the World. 
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Versatile 
-Powerfu 


— for heavy duty on a wide 
range of work. 


Heer 


REVERSIBLE AUTOMATIC FEEDS AND QUICK 
POWER TRAVERSE IN THREE DIRECTIONS 


The characteristic power and rigidity of the 34” 
Vertical Milling Machine is demonstrated to good 
effect when taking a }” cut at 34” per minute on 
this 4% carbon steel billet. This machine is 
installed at Geo. Swift & Sons Ltd., who find its 
great versatility invaluable in producing a wide 
range of machine tool components. All 12 feeds 
and spindle speeds are selected from the front of 
the machine, the speeds ranging from 29 - 520 or 
36-638 RPM., and the feeds, 3” to 20” per minute. 








JAMES ARCHDALE & CO,, LTD. 


BIRMINGHAM 16 - SOLE SELLING AGENTS : ALFRED HERBERT LTD. COVENTRY 
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MEASURING 
THE 
FUTURE 


PRODUCTION TOOL ALLOY CO. 
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LTD. 


Telephone: Toddington 315-6-7 Telegrams: Perpro Luton 





The adoption by _ this 
Company of advanced 
techniques for processing 
hard metal cutting tools jp 
high vacuum has led to 
intensified research in_ this 
field. We show here a hot. 
extraction micro gas analyser 
which measures and analyses 
the minute amounts of gas 
found in cutting — tool 
materials. The measurement 
and control of this factor js 


leading to better hard metal, 





SHARPENHOE, BEDFORD 





Now more than ever—C utting Fluids merit your consideration 


In the national interest, supplies of 
cutting fluids must be put to the best 
possible use. This means selection with 
care, effective application, proper handling 
and storage and — in the case of 


soluble oils — correct mixing and dilution. 


Useful practical information on all these 
points is to be found in the latest edition 
of the Fletcher Miller booklet “ Cutting 
Fluids,” which is available free on request 


—please use your business card or heading. 


FLETCHER MILLER 


YOUR PARTNERS IN 


ALMA MILLS 
Telephone : Hyde 3471 (5 lines) 





FLETCHER MILLER LTD 


PRODUCTION 


Telegrams : Emulsion, Hyde 





fluids 
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‘“ BROOMWADE ” Type 
D compressor in use 
at Rover Car Works, 
Solihull. (Photograph by 
courtesy of The Rover ; 
Co; Ltd: 














In car factories compressed air provides a large part of the power 
uscd. When the job must be done with speed, efficiency and at minimum 
cost, most works turn to “BROOMWADE”. 

Illustrated is a “BROOMWADE?” Type D compressor, operating at 
the Rover Car Works, Solihull. This famous company uses a number of 
“BROOMWADE” Compressors and a large number of Hoists, as do motor 
manufacturers all over the world. 


*“BROOMWADE”’’ 


AIR COMPRESSORS & PNEUMATIC TOOLS 


BROOM & WADE LTD., P.O. BOX NO. 7, HIGH WYCOMBE, ENGLAND. 
Telephone: High Wycombe 1630 (10 lines) Telegrams: ‘ Broom”, High Wycombe, Telex. 
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30, 50 AND 100 AMP 


CONTACTORS 


The smallest panel-mounting 
contactors on the market 
il Big saving in weight and size, 
Complies with B.S.S. 775 for breaking 
capacity. Coils and contacts changed in a 
matter of seconds. Exceptionally low 

wattage consumption. C.S.A. approved, 
Conforms with American N.E.M.A, 
specification. Comprehensive spares 

facilities in U.S.A. and Canada. Three sizes— 
30, 50 and 100 amps. at 550 volts A/C. 


This illustration 

shows an Arrow 

30 amp Contactor 
actual size 


ARROW ELECTRIC SWITCHES LTD - HANGER LANE - LONDON -: W.5 


Al} 
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STEEL PARTITIONS > || 


For all purposes 


WE 
IN HEIGHTS (fr 
FROM —_ 
7fc. TO 23fc. 


: 


aes | PRE 





Send for full details NOW to:- 


ACROW (ENGINEERS) LTD. 


SOUTH WHARF, PADDINGTON, 
LONDON, W.2. 


%* They can be dismantled 
Telephone AMBassador 3456 (20 lines) 


and re-erected to suit 
PIRMINGHAM > LIVERPOOL 


any change of plan PA] Branches a’ : 
3 ‘ < MANCHESTER * LEEDS * BRISTOL * NEWCASTLE \ SUBSIDL 


SOUTHAMPTON * SWANSEA ~° GLASGOW  MegNaaREO ee 
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OPTICAL 
DIVIDING 
HEAD 





)D.H. MOUNTED 
W SINE TABLE 





(MBINES THE HIGHEST PRECISION WITH 
(0BUST CONSTRUCTION e MAG. UP TO 1,000X 


(ombining the following features: Dead centre, adjustable drive 
br zero settings, large vernier screen reading direct to 6 secs. 
timation 3 secs.) and conforms to N.P.L. Specification 
"OY/SCMI/56. Patent No. 599708. 














MAIN DIMENSIONS 


Height of Centres ............... SS cee 48” — (117.5 m/m.) 
Centre Distance (on Base) 24” (610 m/m.) 





Size ot Face Plates. ccmmuT” dia. (190 m/m.) 
Size of Centres... ..-.---NO, 2 Morse Taper 
WEIGHT OF HEAD... Ree eek nse tent 42 Ibs 


PRECISION 
GRINDING, LTD. 


MILL GREEN RD., 
MITCHAM, Surrey 
Phone: MITCHAM 3014 


0H.D. MOUNTED ON 

NES & SHIPMAN 540 
). BGRINDING MACHINE. 
CONTROLLING SERRA- 
IONS HELD TO A 
TOLERANCE OF _ .0002” 
30TH FOR SPACING 
AND DIAMETER a 
OL 
LE 
w 


{SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL STREET, BIRMINGHAM. Phone ASTON CROSS 3264 
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; : Offering you strength, durability, light weight and ease of manipulatio 
Also manufacturers of ““K’? Copper Wire, By Bm, Yo IS 8 pulation, for 
Strip and Strand for electrical and other applications such as rivets, nails, fencing and wire goods as well as electrical 


— wire, strip and stranded conductors. Write for details to 


Telephone... 
E E Howard 160] 
. . Telegrams... 


PONDERS END * ENFIELD: MI Cuwire, Enfield 
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Photograph by courtesy of Myford Engineering Co. Lid. 





Many parts which are not suited to jaw chucking are ideally 
held by ‘“‘Eclipse” Magnetic Lathe Chucks. There is no fear of 
distortion, and in addition, one has all the advantages of a magnetic 
face plate. Always specify ‘‘ECLIPSE”’... the strongest magnetic 
chuck for the production or the model engineer. 


Write for fully illustrated technical literature. 


the only name for magnetic tools 








JAMES NEIL &@ CO. (SHEFFIELD) LTD - ENGLAN®D 
Supplies through appointed ‘Eclipse’ Distributors PMI32 
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»| Heat 
'| where you 
want it 





Use electricity and bring the heat to the job 
é instead of having to bring the job to the 
rical heat. Heat can be applied wherever it is 
possible to bring a pair of wires—and so 
the heating process can be right in the 
line of production. 


5 for 








You get much finer control with electricity, too. 
Temperatures can be controlled auto- 
matically—and the constant heat value 


geese 
J of electricity means that you know that 
the treatment is precisely what is re- 
quired. Not only temperatures but the 
ait operation of a complete heating unit can 
be controlled automatically. Electric 
heating equipment can be arranged to 


— 





start, run and shut down to any process 
requirement or time and temperature 
cycle. 


> 





Heat where you want it, perfect control, 
cleanliness, lower labour costs and better 
working conditions are some of the ad- 
vantages of using electricity for heating. 
Heating is just one of the many ways in 
which eleciricity plays a vital part in the 
drive for greater productivity. 


Electricity 
increases 
Productivity 


Ask your ELECTRICITY BOARD for 
advice and information, or get in touch 
with E.D.A. They can lend you, without 


q charge, films about the uses of electricity 





in industry. E.D.A. are also publishing a 
series of books on Electricity and Produc- 
tivity. Titles now available are: Electric 
Motors and Controls, Higher Production, 
Lighting in Industry, Materials Hand- 
ling, and Resistance Heating. Price 8/6 
or 9/- post free. 


Issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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PATENT CALIPER GAUGE. "s 
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Each month one of the seven main advantages of this fine 
precision instrument will be described. 


@ Many different gauging @ Can be used for either left 
positions can be obtained. or right hand threads. 

@ The anvils are set so that @ Particularly suitable for the 
they do not roll. gauging of acme forms of 

: thread. 

@ All shearing action is : 

eliminated. * @ Can be supplied for “GO” 
; only, or “NOT GO” only, or 

@ Particularly suitable for both “GO” & “NOT GO” 

gauging shouldered work. combined. 


NOTE THIS MONTH’S IMPORTANT FEATURE 





CAN BE SUPPLIED FOR ‘‘GO” ONLY, OR “ NOT GO” ONLY, 
OR BOTH “GO” & “NOT GO” COMBINED. 


The standard gauge is supplied for both “GO” and “ NOT 
GO ™ limits but models are available for those desiring “GO” 
only or “ NOT GO” only. 











Write today for a descriptive leaflet to:- 





THE HORSTMANN GEAR CO. LTD., J "tot 7m 
NEWBRIDGE WORKS.BATH. ENGLAND. = 














Write for oun now fee deacuptive loaflot 






Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 


EDWARD PRYOR & SON LTD 


BROOM STREET - SHEFFIELD ~ ENGLAND 
PHONE SHEFFIELD 23161 (5 lines) 








~ 
= 
a 


Wg sss 





























al FB he Institution of Production Engineers Journal 
~ 
| » P aay f " 
INCTAILI 7Q> junior 
(NST A ve junior 
[NOI TALL a {VU juniol 
yf Wj 
EAS’ T0 OPERATE -........ TO MAINTAIN 
: 
“a 
CENTRE 
LATHE 
lg 
7 2 h.p. motor, 8 speeds, 30-437 r.p.m.; also alternatives, 
44-640 r.p.m., 50-750 r.p.m., 60-874 r.p.m. and (when 
4 fitted with 2-speed motor), 30-874 r.p.m. Sizes to admit 
IS 45”, 54” and 72” between centres. The cabinet base 
‘ illustrated is an optional extra. 
) 
>| WOODHOUSE & MITCHELL 
WAKEFIELD ROAD . BRIGHOUSE . YORKS 
| TELEPHONE: BRIGHOUSE 627 (3 LINES) TELEGRAMS: ‘WOODHOUSE, BRIGHOUSE’ 
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We make the widest range of rivet spinners on the market. 
They are used in almost every trade concerned with the manufac- 
ture of Domestic Equipment, Engineering and Electrical Components, 

in fact, wherever a neat appearance is as important as a well-formed 
head. Send us a sample of the product you make and we will advise 


you on the best machine for the job. 


TURNER 


YOU NEED THIS 


Illustrated: The RS38. VMD_ A.E. 3/16 in. 


operated machine on cabinet — base. 


MACHINE TOOLS LTD 
63-68, PRINCIP ST., BIRMINGHAM, 4 





cap. air 





Tel.: ASTON CROSS 2244 
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Crocell thermoplastic 
coating for metal 

parts peels off easily 

and is completely 
airtight. It can be 
quickly and conveniently 


applied. 


; Crocell :. 


transparent and permits 


Hig Fs 


recognition of shapes 


and part numbers. 


London 
New York 
Milan 
Manchester 
Bradford 


Please write for details 
of the Crocell 

method of protection 
to Croda Ltd, 

Cowick Hall, Snaith, 
Goole, Yorks. 
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Send NOW for this 
‘Important addition to 
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Without obligation, please send me your binder of Transformers and 
Chokes Data Skeets. 


NAME 


| 
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OUTLINE Dimensions 
ENCLOSED TYPE TRANSFORMERS 


yl Basse : 

i 4 ‘s . 
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so RS AND guokes en 
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-“ TRANSFORMERS & CHOKES 
“TECHNICAL DATA SHEETS 


Complete the coupon and post today. 
Westool make transformers from the 
smallest possible up to 2500VA for 
SEALED CAN TRANSFORMERS and 
5kVA single-phase — I8kVA_ three-phase. 


| 
| 
| WESTOOL LIMITED 
| 
| 


ST. HELEN’S AUCKLAND, 
CO. DURHAM 


Telephone : West Auckland 317 (6 line:) 
Telegrams : Solenoid West Auckland 
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SLASH SET-UP TIMES 
=, with ROCKWELL 


=i HELICAL CLAMPS 
=. 







BRITISH PATENT 


Each Clamp a complete unit 
—no parts to lose 


Fast easy mounting 
Accurate and simple height adjustment 
eet Small clamp projection over workpiece 


' 2-position strap brings clamp 
close to work 


Available in 22 sizes 
Long trouble-free service 
SIZE 1 SIZE 2 





for ¥",4", land for #%”.". |4and 

12mm.‘T' slots 6mm. ‘T" slots 

No. Heights No. Heights 

111 0 - 12” 2/1 0 - 132” 

172 §- 19° 2/2 §- 12” 

1/3 1f- 3” 2/3 1$- 3” 

1/4 23- 53” 2/4 23- 54” A piece-work operator whose output is reduced by slow guard operation 
1/5 43- 73” 2/5 43- 73” is a frustrated person, and a frustrated person is in constant danger. 
1/6 7 -10° 2/6 7 - 10° For greater afety and more production you should ask UDAL about 

SIZE 3 SIZE 4 the famous ‘Fastrip’ synchronised guards, worked by compressed air 


fortt”.2".!7and _for $3”. 20and and timed to a split second. Details will gladly be sent on request. 


Write for fully illustrated leaflet giving 18mm. ‘T' slots 22mm. ‘T' slots 


prices, sizes and quantity discounts. No. _— No. “wig 
Si a 22” 


Also available from leading stockists. 


. P. UDAL LIMITED 
al 

















3/1 4/1 0 
3/2 1. 23” 4/2 1 - 23” 
PLACE YOUR ORDER TODAY! - 4” ’ 
eer ar ere INTERLOCK WORKS 
3/5 8-123” 4/5 8 -123’ 
ROCKWELL WELSH HARP, EDGWARE ROAD, Gehene Saerer 
SEER CEEESES) LONDON, N.W.2. GLAdstone 0033 BIRMINGHAM 
<A 1134/5. Stockport—Stockport 5241. Glasgow—Merrylee 2822 eal ee ee PRESS GUARDS 
SC4 
ACCESSORIES LIMITED 
LEICESTER PLACE, LEEDS as 
Tel: 20981/9 Grams: “‘BRAYACS LEEDS 2” 


MASS 
PRODUCTION 
OF PRECISION 
COMPONENTS 
& ASSEMBLIES 

TO FINE 
TOLERANCES 
BY 
NON-SELECTIVE 
METHODS 
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Spire a Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency smooth and silent running are required. 

E.N.V. specialize in the design and manufacture of straight and curved 

tooth bevel gears. They offer collaboration with engineers from the 

project stage on the design of gears and mountings. They have unique 

facilities for the large-scale manufacture of transmissions including 

final drives, differentials and axles for vehicles and _ agricultural 

equipment, precision gears for aircraft and gears for industrial applications. 


BB ANY YoY for gears 


E.N.V. ENGINEERING COMPANY LIMITED SS =) HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
Telephone : S\drom/ LADbroke 3622 
“ii 
em 


\ 
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P. B. COW & COMPANY LIMITED 
RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. 
INDUSTRIAL DIV: 470 STREATHAM HIGH ROAD, S.W.16. POLLARDS 4481 
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GENERAL SPINNERS 
inall METALS. 


—_ 
SHEET METAL WORK. 


SOLDERING ASSEMBLIES. 














. 


LIGHT METAL PRESSINGS. 








3 8 oe be ber ot O71 818) S_3 om 


LIMITED 
FACTORY ESTATE BROMFORD LANE 
WEST BROMWICH _ Telephone WES 2288 





Spinners to the 


DAIRY, ELECTRICAL, MOTOR AND OTHER INDUSTRIES 











GUARDS 
that ate difctont 


Pinder Mild Steel Guards 
are designed | 
to enhance the 
lines of your 
MachineTools. 
They combine 
many advan- 
tages—strong: 
neat appear- 


ance: eas 
y Improve your 


Machine Tools 
witha 
Pinder Guard 


installation: 


no machining. 


W. PINDER € SON LTD PETERBOROUGH 
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Britain's most advanced electro-pneumatic conveyor 


STANRUN 


(Covered by British and Foreign Patents) 


AUTOMATICALLY PERFORMS THE FIVE FUNCTIONS IN MATERIALS HANDLING 


Y J 









—) convevor 1 
mam} converon 2 AUTOMATIC 
UNLOADING 
io TABLE 
i TRANSFERS Stanrun automatTICcALLy transfers y ) LOADS AND UNLOADS Stanrun 
preselected loads from one conveyor to any others and AUTOMATICALLY loads and unloads preselected trolleys 
at variable speeds. at speed. 


7 


am CONVEYOR 1 
f—o Rel ao) rd ~ LOADED 
?. 


TROLLEY 
PD Be STOP ae 
CONVEYORS LOADEO 
TROLLEY UNLOADED 
STO 


VE NEES 
4 SELECTS AND MARSHALLS Stanrun 4 HOLDS AND RELEASES Stanrun 
AUTOMATICALLY selects and marshalls various compon- AUTOMATICALLY queues components in the correct order 
ents into their respective storage lines, then issues them for a given process. Trolleys await their loads before 


in the required sequence. continuing the production cycle. 






7 
G 


ANOTHER 








REGISTERED TRADE MARK 


§ RAISES AND LOWERS Stanrun avtomaric- DEVELOPMENT 
ALLY raises and lowers specified trolleys. The operator 
can predesignate loads. 


; : ; OUR REPRESENTATIVE WILL CALL ON 
STANRUN is the most fully automatic and flexible conveying YOU ANYWHERE IN THE WORLD 
system available. Yet it is surprisingly quick and economical to install. 


It has already been proved by constant use in some of Britain’s GEO. W. KING LTD., S.18 ARGYLE WORKS, STEVENAGE, 
largest factories. HERTS. TEL.: STEVENAGE 440 
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600 Group Service 


to the 
POWDER METALLURGY 


INDUSTRY 


B00. 
GEORGE“ COHEN 


SONS AND COMPANY LIMITED 
Broadway Chambers London W.6 Telephone: RiVerside 4141 
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UNIVERSAL 
4 MOUNTING 


TYPE 





WITH Ii", 13" 


GEAR UNITS 
and 23" CENTRES 


The ‘Motogear’ ‘J’ Type Universal Mounting Worm Reduction Gears represent 
the latest addition to our existing range of gear units. 

They are of robust design and capable of transmitting up to 24 h.p. depending on 
the ratio and input speed. They are ideally suited for use with fractional h.p. 
motors and can be mounted in any desired position. 

There is a wide choice of standard ratios (5 to 60 : 1) available and non-standard 
ratios can be supplied where required. 

Comprehensive literature giving complete specifications will be gladly forwarded 
on request. 


THE MOTOR GEAR & ENGINEERING CO. LTD. 


ESSEX & CORONA WORKS + CHADWELL HEATH + ESSEX * ‘Phone: Sevan Kms 3456-7745 (1OLnes) 














PAYING 


Time, directly or indi- 
rectly, is cost. If records 
of occupied time are not 


T | M E accurately kept the Firm 
concerned may well be 


paying for time it does not get. The systematic 
analysis of working time is a first step to 
increased production and lower costs. 

The GLEDHILL-BROOK Time Recorder controls 
the use of time; it provides an indisputable 
record of attendances, time on a job, overtime 


and other figures essential to accurate costing 


andthe 
employment of labour. G LEDH | LL 
Write for full details and illus- BROO K 

trated leaflet to 


GLEDHILL-BROOK TIME RECORDERS LTD., 


20, EMPIRE WORKS, HUDDERSFIELD. 


economic 











OF PRECISION 


SPURS 
SPIRALS 
BEVELS 









WORMS 
WHEELS 






Supplied complete 
or from customer's 


blanks. 

Our service is 
reliable and delivery 
prompt. 


RELIANCE GEAR & ENGINEERING CO. (SALFORD) LTD 
“KINSON STREET SPRINGFIELD LANE SALFORD 
0164. & 1715 7 


Phone. BLAckfriars 
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Power for the Grid-Portishead ‘B’ 


C.E.A. POWER STATION 





Metropolitan-Vickers are to supply six 60 MW steam turbine-gener- 





ating sets to the C.E.A. Portishead **B’’ Power Station. These two- 
cylinder close-coupled steam turbines drive 75 MVA hydrogen-cooled 
generators, and the first two sets are now in service. The turbines are 
suitable for two-shift operation and are direct-coupled to the gener- 
ators, which produce 50 cycle, 3-phase current at 11,800 volts. 

The turbines have initial steam conditions of 900 psig, 900°F, and 
exhaust to single-shell central flow condensers which, in this station, 
have to be installed some 69 ft. below the turbines. The condensers, 
together with the five-stage feed water heating equipment are also 
being supplied by Metropolitan-Vickers. 


The illustration shows a single-shell condenser under construction, Six of these 
units, each having a cooling surface area of 60,000 sq. ft., are being supplied for 
the installation, 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK » MANCHESTER, 17 





Member of the AEI group of companies 


Leading Electrical Progress 
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HIGH GRADE MACHINE FILES 











Swiss Type Machine Files 
61 Sizes, 4, 5 and 6 inches long for 
THIEL Ill and other Filing Machines 


.. Also 8 inches long for larger Filing Machines 






” TRIANGULAR 


FLAT : 
Bastard Cut 


Bastard Cut 


QUARE 
Bastard Cut 






PRISM -<dffitim. 
Smooth 4 ROUND 
Cut Bastard Cut 
oe 4 
FISHBACK Ze KNIFE EDGE «< Round Ed 
Smooth Cut Smooth Cut — wa 


Smooth Cut 
WRITE TODAY for 
details of complete range. 


Diamond Impregnated Files for 
hardened steel and tungsten- 
carbide are also available. 


WELSH HARP, EDGWARE RD, LONDON, NW? | ROCKWE | 


TEL: GLADSTONE 0033 


vi ol a a to on 


Also at BIRMINGHAM: Tel: SPRINGFIELD 1154/5 - STCCKPCRT- Tel: STOCKPORT 5241 


TF GLASGOW - Tel: MERRYLEE 2822 
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EAGLE 


SURFACE GRINDER 


The ideal machine ca 


for quick and 
accurate toolroom 








or production 
grinding 


Table 18”x6” 
Wheel 7’x}” 


Electrical 


ea3 ye 
equipment : « { \ Bw 4 
| H.P. 3 phase ~¥ 
? H.P. single phase \Y rT 
we 


@ QUICK DELIVERY 
@ COMPETITIVE PRICE 


VICTA products include: 


“Eagle” 18 x 6” Surface 
Grinder. 


Marlow Vertical Milling 
Machine 22” x 6” & 28” x 8” 


16” x 9” Wood Thicknessing 
Machines. 


12” x 4 Wood Thicknessing 
Machines. 


VE CTA encineerine co. 


MAIDENHEAD, ENGLAND 


CABLES: “VICTA MAIDENHEAD” 











| HAVE YOU HAD YOUR COPY ? 











FOR ADVERTISEMENT SPACE 
in this Journal 


PLEASE CONTACT 


T. G. SCOTT & SON LIMITED 


1 Clement’s Inn, 
London, W.C.2 


(Telephone: Holborn 4743) 


RATES AND FULL CIRCULATION 
DETAILS ON REQUEST 
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IDEAS 





An Invitation 


At some time or other 


you must have said 


‘*T have an idea that will 
revolutionise...’ 


We are precision and general 

engineers looking for those 
[= = 

brilliant flashes of inspiration 


which can be put into practice. 


We invite you to submit your ideas 

for consideration as a practical and 

commercial proposition. All letters 
will receive a reply. 


Send your ideas to 
Box No, I.P.E. 101 
T. G. Scott & Son, Ltd. 
1 Clement’s Inn, London, W.C.2 
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FORK LIFT TRUCKS -: as Railwaymen know 
are one of the most effective and quick 


applied aids in speeding-up ‘turn-round’ + 
and reducing loading and re-loading : 


delays at goods yards. 
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